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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 

Tl warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with Tl's standard warranty. Testing and other quality 
control techniques are utilized to the extent Tl deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage ("Critical Applications"). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. 
Use of Tl products in such applications requires the written approval of an appropriate Tl officer. 
Questions concerning potential risk applications should be directed to Tl through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

Tl assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does Tl warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 
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INTRODUCTION 

The 1995 MOS Memory Data Book from Texas Instruments includes complete detailed specifications on the 
expanding MOS Memory product line including Dynamic Random Access Memories (DRAMs), Single-ln-Line 
Memory Modules (SIMMs), Erasable Programmable Read-Only Memories (EPROMs), One-Time 
Programmable Read-Only Memories (OTP PROMs), Electrically Erasable Programmable Read-Only 
Memories (Flash Memories), and Video RAMs (VRAMs). Also included are military specifications for DRAMs, 
EPROMs, and VRAMs. 

The data book is divided into 1 2 chapters. Below you will find a brief description of each chapter. 

Chapter 1. General Information-— Includes an alphanumeric index for quickly finding device numbers and apart 
number guide with ordering information. 

Chapter 2. Selection Guide — An easy-to-use reference guide that includes specific device information. Page 
numbers are also shown for easy access to the detailed specifications. 

Chapter 3. Glossary/Timing Conventions/Data Sheet Structure — Defines terms and standards used 
throughout the data book. 

Chapter 4-8. Product specifications for more than 1 00 devices can be found in these sections. 

Chapter 9. Mechanical Data— ■ Detailed package drawings and specifications are shown in this section. 

Chapter 10. Logic Symbols — Includes an explanation and examples of the IEEE standard. 

Chapter 11. Quality and Reliability— Details selected processes and the philosophies of Texas Instruments that 
are used to ensure high quality standards. 

Chapter 12. Electrostatic Discharge Guidelines — Because all MOS Memory devices are ESD-sensitive, 
handling guidelines are included. 

For ordering information or further assistance, please contact your nearest Texas Instruments Sales Office or 
Distributor as listed in the back of this book. 



PRODUCT STAGE STATEMENTS 



Product stage statements are used on Texas Instruments data sheets to indicate the development stage(s) of the 
produces) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate statement from the 
following list is placed in the lower left corner of the first page of the data sheet. 

PRODUCTION DATA information is current as of publication date. Products conform to specifications per the 
terms of Texas Instruments standard warranty. Production processing does not necessarily include testing of 
all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development. 
Characteristic data and other specifications are subject to change without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of development. 
Characteristic data and other specifications are design goals. Texas Instruments reserves the right to change 
or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first statement below is 
placed in the lower left corner of the first page of the data sheet. Subsequent pages of the data sheet containing 
PRODUCT PREVIEW information or ADVANCE INFORMATION are then marked in the lower left-hand corner with 
the appropriate statement given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information current as of 
publication date. Products conform to specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of development. 
Characteristic data and other specifications are subject to change without notice. 



PRODUCT PREVIEW information concerns products in the formative or design phase of development. 
Characteristic data and other specifications are design goals. Texas Instruments reserves the right to change 
or discontinue these products without notice. 
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General Information 



DRAM/VRAM/FMEM Ordering Information 

Orders for DRAMs and VRAMs described in this book should include an eight-part number as explained in the 
following example: 

TMS 4 4 C 256 -10 DJ - 

1 . Prefix: 1 

TMS Commercial MOS 
SMJ Military MOS 

2. Product Family: — — — » 

4 DRAM/VRAM 

3. Word Width: — ' 

Blank x1 
Blank x4 
4 x4 
8 x8 
16 x16 

4. Technology: — -> 

C CMOS 

5. Density: — ' 

s 6. Speed Designator: 1 

DRAMs/VRAMs 

- 60 60 ns 
-70 70 ns 

- 80 80 ns 
-10 100 ns 
-12 120 ns 
-15 150 ns 
-20 200 ns 

7. Package: • 

Commercial (Plastic) Military (Ceramic) 



DJ 


Small-Outline J-Lead (SOJ) 


FQ 


Small-Outline Leadless Chip Carrier (SOLCC) 


DN 


Thin Small-Outline J-Lead (ThinSOJ) 


FV 


Leadiess Chip Carrier (CLCC) 


DZ 


Small-Outline J-Lead (SOJ) 


HJ 


Small-Outline J-Lead (SOJ) 


SD 


Zig-Zag In-Line (ZIP) 


HK 


Flatpack 


N 


Dual-ln-Une (DIP) 


HL 


Low Profile Leadless Surface Mount 


DGA 


Thin Small-Outline Package 


JD 


Dual-ln-Une (DIP) 






SV 


Zig-Zag In-Une (ZIP) 



8. Temperature Range: — — — ■ 

Commercial Military 

L 0°C to 70°C (VRAMs) M -55°Cto125°C 

Blank 0°C to 70°C (DRAMs) 
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General Information 



DRAM Ordering Information 

Orders for the 4 Meg and 16 Meg and 64 Meg DRAMs described in this book should include an eight-part 
number as explained in the following example: 

TMS 4 4 1 00 -80 DM 



1. Prefix: 

TMS Commercial MOS 
SMJ Military MOS 

2. Product Family: 

4 DRAM 

3. Density — Refresh: 

2 2 Meg 1K Refresh 

4 Meg 
4 Meg 
4 Meg 
4 Meg 



4 

5 
6 
7 
16 
17 
18 
26 
27 
28 
64 



1K Refresh 
51 2 Cycle Refresh 
1K Refresh 3.3 V 
51 2 Cycle Refresh 3.3 V 
16 Meg 4K Refresh 5 V 
16 Meg 2K Refresh 5 V 
16 Meg 1K Refresh 5 V 
16 Meg 4K Refresh 3.3 V 
16 Meg 2K Refresh 3.3 V 
16 Meg 1 K Refresh 3.3 V 
64 Meg 8K Refresh 3.3 V 



4. Organization — I/O: 



10 x1 


Std 


90 


x9 


Std 


26 x2 


Quad-CAS 


91 


x9 


WPB 


40 x4 


Std 


16 


x16 


Std 


41 x4 


WPB 


17 


x16 


WPB 


46 x4 


Quad-CAS 


18 


x18 


Std 


80 x8 


Std 


19 


x18 


WPB 


81 x8 


WPB 









Enhanced Page Mode 

E nhan ced Page Mode 

2 CAS (x16 and x18 Devices) 

E nhan ced Page Mode 

4 CAS (Quad-CAS Devices) 



5 Enhanced Page Mode 
2 WE(x16 and x18 Devices) 

9 Extended Data Out 
E xtend ed Data Out 

9 2 CAS (x 1 6 and x 1 8 Devices ) 



6. Speed Designator: 
- 60 60 ns 

-70 70 ns 

7. Package: 
Commercial (Plastic) 

DGA 300-miJ Thin Small Outline (TSOP) 
DGB 300-mil Reverse Lead Thin Small Outline 
(TSOP) 

DGC 400-mil Thin Small Outline (TSOP) 

(50-mil-pitch) 
DGD 400-mil Reverse Lead Thin Small Outline 

(TSOP) (50-mil-pitch) 
DGE 400-mil Thin Small Outline (TSOP) 

(31 -mil-pitch) 
DGF 400-mil Reverse Lead Thin Small Outline 
(TSOP) (31 -mil-pitch) 
DJ 300-mil Small Outline J-Lead (SOJ) 

(26/24-lead) 
DN Thin Small Outline J-Lead (SOJ) 
DZ 400-mil Small Outline J-Lead (SOJ) 

8. Temperature Range: 

Commercial 

Blank 0°Cto70°C 



- 80 80 ns 



Military (Ceramic) 

HM Small-Outline Leadless Chip Carrier 

(SOLCC) 
HJ Small-Outline J-Lead (SOJ) 
HR Flatpack 

JD Side-Brazed Dual-ln-Line 



Military 
M -55°Cto125°C 
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Standard DRAM Module Ordering Information 

Orders forthe standard DRAM Modules described in this book should include a seven-part number as explained 
in the following example: 

TM 024 E AD 9 -10 

1. Prefix: — I 

TM Commercial Tl MOS Module 

2. Memory Device: » 

024 1 Meg DRAM, Enhanced Page Mode 
4100 4 Meg DRAM, Enhanced Page Mode 
16100 16 Meg DRAM, Enhanced Page Mode 

3. Pinout Configuration: r- ' 

E 
G 

4. Board Dimensions: ' 

AD , 
BD 

5. Word Width Output: = ' 

8 x8 
9x9 

6. Speed Designator: — • 

- 60 60 ns 
-70 70ns 
-80 80ns 
-10 100 ns 

7. Temperature Range: ' 

Blank 0°Cto70°C 

L 0°Cto70°C(1 Meg only) 
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Differentiated DRAM Module Ordering Information 

Orders for the mixed DRAM Modules described in this book should include an eight-part number as explained 
in the following example: 



1. Prefix: . 

TM 

2. Density: 

256 



TM 
_J 



124 



AO 



Commercial Tl MOS Module 



256K 
512 51 2K 



124 
248 



1 Meg 

2 Meg 



3. Pinout Configuration: - 
B G M 
C K T 
E L V 



4. Board Dimensions: - 

U 

AD 
BK 
BM 

5. Word Width Output:- 

8 x8 



9 

32 
36 
40 



x9 
x32 
x36 
x40 



496 
497 



893 



4 Meg 

4 Meg - 2K Refresh 
8 Meg 

8 Meg - 2K Refresh 



6. Devices Used: 

Blank 8 - '44400s ('124BBK32) 

Blank 9-('4100EAD9) 

A 2- '44400s ('124GU8A) 

B 2 - "44400s + 1 '4C1 024 (*1 24EAU9B) 

B 8 - '44400S + 1 '44460 ('1 24MBK36B) 

B 16 -'44400s + 2 '44460s ("248NBK36B) 

C 8 - '44400s + 2 '44460s ('1 24MBK36C) 

C 1 6 - '44400s + 4 '44460s (*1 24NBK36C) 
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EPROM, FLASH, OTP Ordering Information 

Orders for EPROMs, OTPs, and Flash Memories described in this book should include a nine-part number as 
explained in the following example: 



1. Prefix: 



TMS 

I 



27 



512 



-10 



FM L 4 



TMS Commercial MOS 
SMJ Military MOS 

2, Product Family: _ 

27 
28 
29 

3. Erasability: 

P 

Blank 



EPROM/OTP 
12-V Flash Memory 
5-V Flash Memory 



Non-erasable (One-Time Programmable) 
Erasable 



4. Technology: — 

C CMOS 

F CMOS Flash Memory 

LV Low Voltage 



5. Density: — 




816 


16K 


128 


128K 


256 


256K 


257 


256K 


510 


512K 


512 


512K 


6. Speed Designator. 


80 ns 


-8,- 


100 ns 


-10, 


120 ns 


-12, 



01 OA 1 Meg 
21 OA TMeg 
020 2 Meg 



040 
200 
240 
400 



4 Meg 
2 Meg 
4 Meg 
4 Meg 



150 ns 
7. Package: 
DD 
DU 
FM 
FN 
J 
N 

PM 



-1,-15,-150 



170 ns -1,-17,-170 

200 ns -2, -20, -200 

250 ns Blank, -25, - 250 

300 ns -30,-300 



Plastic Thin Small-Outline (TSOP) 
Plastic Thin Small-Outline (TSOP, Reverse Form) 
Plastic Chip Carrier (32-Pin) Rectangular 
Plastic Chip Carrier (44-Pin) Square 
Ceramic Dual-ln-Une (DIP) 
Plastic Dual-ln-Une (DIP) 
Square Quad Flat Package (SQFP) 

8. Temperature Range: 

Commercial Military 

L 0°Cto70°C M -55°Cto125*C 

E -40°Cto85°C 

Q -40°Cto125°C 

T -40°Cto110°C 

9. 168 Hour Burn-in Option: — — 

Commercial 

4 168 Hour Burn-in 
Blank No Burn-in 



Military 

Blank 5004 Processing 



1-8 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 



General Information 



VRAM Ordering Information 

Orders for 4 Meg VRAMs described in this book should include an eight-part number as explained in the 
following example: 

TMS 5 5 16 5 -80 DGH 

1. Prefix: 1 

TMS Commercial MOS 
SMJ Military MOS 

2. Product Family: 1 

5 VRAM 

3. Density — Refresh: ' 



4 


4 


Meg — 


1K Refresh 


5 


4 


Meg — 


512 Cycle Refresh 


16 


16 


Meg — 


4K Refresh 


17 


16 


Meg — 


2K Refresh 



4. Organization — Features: ' 

40 x 4 — Standard 

41 x 4 — Enhanced Page Mode 

80 x 8 — Standard 

81 x 8 — Enhanced Page Mode 

16 x16 — Standard 

17 x16 — Enhanced Page Mode 

5. Functional Mode — Options: 

0 Enhanced Page Mode — 2 CAS 

1 Hyper Page Mode — 2 CAS 

5 Enhanced Page Mode — 2 WE 

6 Hyper Page Mode — 2 WE 

6. Speed Designator: — 

-60 60 ns 

-70 70 ns 

-80 80 ns 

-10 100 ns 

7. Package: 

DGH Super Small-Outline (SSOP) 

8. Temperature Range: 

Commercial Military 

Blank 0°Cto70°C M -55°Cto125°C 
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Selection Guide 





! " 11 11 111 1 """"Mnmimnm. i mnmmnnn unnnnnmn mm , . mmmmmmmmmmm i . i 

DRAMs ' 



SDRAM/VRAMs 



SIM WIS ' " ^"^i^^r^^/Ccfe^^ y$i0 ^ti^tsvMfR 
EPROMs/OTP PROMs/Flash EE^RQ; 




^^^^^^^^^^^^^^^^ 



Military Products 

■ ' ' if 1 

' Mechanical . Data - -£ y f-t ;. :> \ 



Logic Symbols 



Quality and Reliability 



f ff ; 



Electrostatic Discharge Guidelines 1 
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DRAM 





ORGANIZATION 
(WORDS x BITS) 




MAX 
ACCESS 
TIME 
(ns) 


POWER 


MAX POWER 
DISSIPATION 




PACKAGEt 






DENSITY 


DEVICE NUMBER 


SUPPLY 
(V) 


ACTIVE 
(mW) 


STAND- 
BY 
(mW) 


PINS 


NOTES 


PAGE 


1024K 


1024Kx1 


SMJ4C1 024-80 
SMJ4C1 024-1 00 
SMJ4C1 024-1 20 
SMJ4C1 024-1 50 


80 
100 
120 
150 


5 ±10% 




22 


18,20, 
20/26 


HJ, FQ, 
HL.JD, 
HK, SV 


Military 


8-25 


256Kx4 


SMJ44C256-80 
SMJ44C256-100 
SMJ44C256-120 
SMJ4C1 024-1 50 


80 
100 
120 
150 


5 ±10% 






20/26 


HJ, FQ, 
HL.JD, 
HK, SV 


Military 


8-5 






TMS44460-60* 
TMS44460-70* 
TMS44460-80* 


60 
70 
80 


5 ±10% 


578 
495 
440 


■j-j 


24/26 


DJ, DGA 


CMOS 
Enhanced 
Page Mode 
Quad CAS 


4-5 






TMS44460P-60* 
TMS44460P-70* 
TMS44460P-80* 


60 
70 
80 


5 ±10% 


578 
495 
440 


11 


24/26 


DJ, DGA 


CMOS 
Enhanced 
Page Mode 
Quad CAS 


4-5 




1024Kx4 


TMS46460-60* 
TMS46460-70* 
TMS46460-80* 


60 
70 
80 


5 ±10% 


385 
330 
275 


3.6 


24/26 


DJ, DGA 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Quad CAS 


4-5 


4096K 




TMS46460P-60* 
TMS46460P-70* 
TMS46460P-80* 


60 
70 
80 


5 ±10% 


385 
330 
275 


3.6 


24/26 


DJ, DGA 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Quad CAS 


4-5 






TMS441 00-60* 
TMS441 00-70* 
TMS441 00-80* 


60 
70 
80 


5 ±10% 


523 
468 
413 


11 


20/26 


DGA DJ 


CMOS 
Enhanced 
Page Mode 


4-27 




4096K x 1 


TMS44100P-60* 
TMS44100P-70* 
1 Mo44iUUr-oU+ 


60 
70 

OA 


5 ±10% 


523 
468 
413 


11 


20/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-27 






SMJ441 00-80 
SMJ441 00-10 
SMJ44100-12 


80 
100 
120 


5 ±10% 


468 
440 
385 


22 


18,20, 
28 


HR, JD, 
JDB.HL 


Military 
CMOS 
Enhanced 
Page Mode 


8-45 


16384K 


1024x16 


SMJ416160* 
SMJ418160* 


60 
70 
80 


5 ±10% 


495 
440 
385 


11 


50 


HKD 


Military 
CMOS 
Enhanced 
Page Mode 


8-123 



t DGA Plastic Thin Small-Outline-Package (TSOP) 
DJ Plastic Small-Outline J-Lead (SOJ) 
FQ Leadless Ceramic Chip Carrier (Military) (CDCC) 
HJ Ceramic Small-Outline J-Lead (Military) (SOJ) 
HK Flatpack (Military) 
HKD Flatpack (Military) 

HL Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC) 
HR Flatpack (Military) 

JD 400-Mil Ceramic Sidebrazed Dual In-Line Package (Military) (DIP) 
JDB 300-mil Ceramic Side-Brazed Dual In-Line Package (Military) (DIP) 
SV Ceramic Zig-Zag Package (ZIP) (Military) 
* Advance Information for product under development by Tl 
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DRAM (Continued) 



DENSITY 


ORGANIZATION 


DEVICE NUMBER 


MAX 
ACCESS 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


(WORDS x BITS) 


TIME 
(n») 


ACTIVE 
(mW) 


STANDBY 
(mW) 






TMS461 00-70* 
TMS461 00-80* 
TMS461 00-10* 


70 
80 
100 


3.3 ±10% 


216 
180 
144 


3.6 


20/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-27 




4096Kx1 


TMS46100P-70* 
TMS46100P-80* 
TMS46100P-10* 


70 
80 
100 


3.3 ±10% 


216 
180 
144 


3.6 


20/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Extended 
Refresh 


4-27 






TMS44400-60* 
TMS44400-70* 
TMS44400-80* 


60 
70 
80 


5 ±10% 


550 
495 
440 


11 


20/26 


DJ, DGA 


CMOS 
Enhanced 
Page Mode 


4-51 






TMS44400P-60* 
TMS44400P-70* 
TMS44400P-80* 


60 
70 
80 


5 ±10% 


550 
495 
440 


11 


20/26 


DJ, DGA 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-51 




1024Kx4 


SMJ44400-80 
SMJ44400-10 
SMJ44400-12 


80 
100 
120 


5 ±10% 


468 
440 
358 


22 


20 


HR, JDB, 
HL.SV 


Military 
CMOS 
Enhanced 
Page Mode 


8-65 


4096K 




TMS46400-70* 
TMS46400-80* 
TMS46400-10* 


70 
80 
100 


3.3 ±10% 


252 
216 
180 


7.2 


20/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-51 






TMS46400P-70* 
TMS46400P-80* 
TMS46400P-10* 


70 
80 
100 


3.3 ±10% 


252 
216 
180 


7.2 


20/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Extended 
Refresh 


4-51 






TMS441 65-70 
TMS441 65-80 
TMS441 65-10 


70 
80 
100 


5 ±10% 


660 
578 
523 


11 


40 

40/44 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 


4-73 




256Kx16 


TMS44165P-70 
TMS44165P-80 
TMS44165P-10 


70 
80 
100 


5 ± 10% 


660 
578 
523 


11 


40, 

40/44 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-73 




TMS451 60-70 
TMS451 60-80 
TMS451 60-10 


70 
80 
100 


5 ±10% 


880 
770 
660 


11 


40, 

40/44 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 


4-93 






TMS45160P-70 
TMS45160P-80 
TMS45160P-10 


70 
80 
100 


5 ±10% 


880 
770 
660 


11 


40, 

40/44 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-93 



t DGA Plastic Thin Small-Outline-Package (TSOP) 
DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 
DJ Plastic Small-Outline J-Lead (SOJ) 
DZ Plastic Small-Outline J-Lead (SOJ) 

HL Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC) 
HR Flatpack (Military) 

JDB 300-mil Ceramic Side-Brazed Dual In-Line Package (Military) (DIP) 
SV Ceramic Zig-Zag Package (ZIP) (Military) 
* Advance Information for product under development by Tl 
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DRAM (Continued) 



nPMCITV 


ORGANIZATION 

^nunUD X 
BITS) 


UCVIvC NUMDBn 


MAX 
ACCESS 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


rAwlVAUB * 


NOTES 


PAGE 


TIME 
(ns) 


ACTIVE 
(mW) 


STANDBY 
(mW) 






TMS451 65-70* 
TMS451 65-80* 
TMS451 65-10* 


70 
80 
100 


5 ±10% 


880 
770 
660 


11 


Af\ 

40/44 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 


4-115 


4096K 


256Kx16 


TMS45165P-70* 

1 IVIvTw 1 wwl i V ' 

TMS45165P-80* 
TMS45165P-10* 


70 
80 
100 


5 ±10% 


880 
770 
660 


11 


40, 

40/44 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-115 




16384Kx1 


SMJ41 61 00-70 
SMJ41 61 00-80 


70 
80 


5 ±10% 


440 
385 


11 


24/28 


FNC, HKB 


Military 
Enhanced 
Page Mode 


8-85 






TMS41 6400-60 

TMQA^Ainn ~7(\ 

TMS41 6400-80 


60 

"7C\ 

80 


O ± 1 Uto 


440 

385 
330 


11 


oA/oa 




CMOS 

CliricL! 1C/&U 

Page Mode 


TOO 






TMS416400P-60 
TMS416400P-80 


60 

7fl 
f\J 

80 


O ± IU70 


440 
385 
330 


11 






CMOS 

cnrioincoQ 

Page Mode 


A-i 






SMJ41 6400-60 

CM \A4 RAf\T\ 7fl 

oMJ4lo4UU-AJ 
SMJ41 6400-80 
SMJ41 6400-10 


60 
70 
80 
100 


5 ±10% 


495 
440 
385 
330 


11 


24/28 


HKB, SV 


Military 
Enhanced 
Page Mode 


8-105 


16 384K 


4096Kx4 


TMS417400-60 

1 IViO*H /*HJU-/U 

TMS41 7400-80 


60 
80 


O ± 1U70 


605 
550 
495 


11 


OA /OR 




CMOS 
cnnancoQ 

Page Mode 


A 1 






TMS417400P-60 
TMS417400P-70 
TMS417400P-80 


60 
70 
80 


5 ±10% 


605 
550 
495 


11 


24/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 


4-135 






TMS426400-60§ 
TMS426400-70§ 
TMS426400-80§ 


60 
70 
80 


3.3 ±10% 


252 
216 
180 


3.6 


24/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-135, 






TMS426400P-60§ 
TMS426400P-70§ 
TMS426400P-80§ 


60 
70 
80 


3.3 ±10% 


252 
216 
180 


3.6 


24/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-135 



t DGA Plastic Thin Small-Outline-Package (TSOP) 

DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 

DJ Plastic Small-Outline J-Lead (SOJ) 

DZ Plastic Small-Outline J-Lead (SOJ) 

FNC Small-Outline Leadless Chip Carrier (Military) (SOLCC) 

HKB Flatpack (Military) 

SV Ceramic Zig-Zag Package (ZIP) (Military) 
* Advance Information for product under development by Tl 

§ Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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DRAM (Continued) 



DENSITY 


ORGANIZATION 


DEVICE NUMBER 


MAX 
ACCESS 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


(WORDS x BITS) 


TIME 
(ns) 


ACTIVE 
(mW) 


STANDBY 
(mW) 






TMS427400-60* 
TMS427400-70* 
TMS427400-80* 


60 
70 
80 


3.3 ±10% 


360 
324 
288 


3.6 


24/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 

L.UW vvmayo 


4-135 




4096Kx4 


TMS427400P-60* 
TMS427400P-70* 

1 IVIO*mS/ *HA/r -OU t 


60 
70 

OKI 


3.3 ±10% 


360 
324 
288 


3.6 


24/26 


DGA, DJ 


CMOS 
Enhanced 
Page Mode 

luw vuiiayo 

Low Power 


4-135 






TMS416160-60* 
TMS41 fi1 «n.7n t 
TMS416160-80* 


60 
70 
80 


5 ± 10% 


495 
440 
385 


11 


42, 
44/50 


DGE DZ 


CMOS 

CI II ICll IvOvl 

Page Mode 


4-163 






TMS416160P-60* 
TMS416160P-70* 
TMS416160P-80* 


60 
70 
80 


5 ±10% 


495 
440 
385 


11 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 

Pana MnHo 
1 ciy w IVIUUO 

Low Power 


4-163 






TMS418160-60* 
TMS418160-70* 

A1 AH- AH t 

1 !VIO*t 1 0 1 DU-OU ~ 


60 
70 
80 


5 ±10% 


1045 
990 
935 


11 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 

Pano Mnrio 

r CI^O IVIv/UO 


4-163 


16 384K 




TMS418160P-60* 
TMS418160P-70* 
TMS418160P-80* 


60 
70 
80 


5 ±10% 


1045 
990 
935 


11 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Power , 


4-163 




1024Kx16 


TMS426160-60* 
TMS4261 60-70* 
TMS4261 60-80* 


60 
70 
80 


3.3 ±10% 


324 
288 
252 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-163 






TMS426160P-60* 
TMS426160P-70* 
TMS426160P-80* 


60 
70 
80 


3.3 ±10% 


324 
288 
252 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-163 






TMS4281 60-60* 
TMS428160-70* 
TMS4281 60-80* 


60 
70 
80 


3.3 ±10% 


684 
648 
612 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-163 






TMS428160P-60* 
TMS428160P-70* 
TMS428160P-80* 


60 
70 
80 


3.3 ±10% 


684 
648 
612 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-163 



t DGA Plastic Thin Small-Outline-Package (TSOP) 

DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 

DJ Plastic Small-Outline J-Lead (SOJ) 

DZ Plastic Small-Outline J-Lead (SOJ) 
* Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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DRAM (Continued) 



DENSITY 


ORGANIZATION 


DEVICE NUMBER 


MAX 
ACCESS 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


(WORDS x BITS) 


TIME 
(ns) 


ACTIVE 
(mW) 


STANDBY 
(mW) 






TMS41 61 69-60* 
TMS416169-80* 


60 
70 
80 


O ± IU70 


495 
440 
385 


11 


42, 
44/50 


UV3C, \JC 


CMOS 
ci 1 iieu mod 

Page Mode 


A.1Q1 
•r" \9 1 






TMS416169P-60* 
TMS416169P-70* 
TMS416169P-80* 


60 
70 
80 


5 ±10% 


495 
440 
385 


11 


42, 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-191 






TMS41 81 69-60* 
TMS418169-70* 
i Mo4 ioioy-ou + 


60 
70 

OU 


5 ±10% 


1045 
990 
935 


11 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 


4-191 






TMS418169P-60* 
TMS418169P-70* 
TMS418169P-80* 


60 
70 
80 


5 ±10% 


1045 
990 
935 


11 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Power 


4-191 


16 384K 


1024Kx16 


TMS4261 69-60* 
TMS4261 69-70* 
TMS4261 69-80* 


60 
70 
80 


3.3 ±10% 


324 
288 
252 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-191 






TMS426169P-60* 
TMS426169P-70* 
TMS426169P-80* 


60 
70 
80 


3.3 ±10% 


324 
288 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-191 






TMS4281 69-60* 
TMS4281 69-70* 
TMS4281 69-80* 


60 
70 
80 


3.3 ±10% 


684 
648 
612 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-191 






TMS428169P-60* 
TMS428169P-70* 
TMS428169P-80* 


60 
70 
80 


3.3 ±10% 


684 
648 
612 


3.6 


42, 
44/50 


DGE, DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-191 


65536K 


8192Kx8 


TMS464800-50* 
TMS464800-60* 
TMS464800-70* 
TMS464800-80* 


50 
60 
70 
80 


3.3 ±10% 


504 
432 
396 
360 


7.2 


32 


DZ, 
DGC 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-187 


TMS464800P-50* 
TMS464800P-60* 
TMS464800P-70* 
TMS464800P-80* 


50 
60 
70 
80 


3.3 ±10% 


504 
432 
396 
360 


7.2 


32 


DGC, 
DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-187 



t DGC Plastic Thin Small-Outline Package (TSOP) 400-mil (50-mil pitch) 

DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 

DZ Plastic Small-Outline J-Lead (SOJ) 
* Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other 

specifications are design goals. Texas instruments reserves the right to change or discontinue these products without notice. 
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DRAM (Continued) 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(ns) 


POWER 
SUPPLY 
(V) 


ACTIVE 
(mW) 


STANDBY 
(mW) 


PINS 


PACKAGEt 


NOTES 


PAGE 


Ow 9wur\ 


4096Kx16 


TMS4641 60-50* 
TMS4641 60-60* 
TMS4641 60-70* 
TMS4641 60-80* 


50 
60 
70 
80 


3.3 ±10% 


504 
432 
396 
360 


7.2 


50, 
TBD 


DGE, 
DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-187 


TMS464160P-50* 
TMS464160P-60* 
TMS464160P-70* 
TMS464160P-80* 


50 
60 
70 
80 


3.3 ±10% 


504 
432 
396 
360 


7.2 


50, 
TBD 


DGE, 
DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-187 


16384Kx4 


TMS464400-50* 
TMS464400-60* 
TMS464400-70* 
TMS464400-80* 


50 
60 
70 
80 


3.3 ±10% 


504 
432 
396 
360 


7.2 


32 


DGC, 
DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 


4-187 


TMS464400P-50* 
TMS464400P-60* 
TMS464400P-70* 
TMS464400P-80* 


50 
60 
70 
80 


3.3 ±10% 


504 
432 
396 
360 


7.2 


32 


DGC, 
DZ 


CMOS 
Enhanced 
Page Mode 
Low Voltage 
Low Power 


4-187 



t DGC Plastic Thin Small-Outline Package (TSOP) 400-mil (50-mil pitch) 

DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 

DZ Plastic Small-Outline J-Lead (SOJ) 
* Product preview documents contain information on products in the formative or design phase of development. Characteristic data and other 

specifications are design goals. Texas Instruments reserves the right to change or discontinue these products without notice. 
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SDRAMs 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(ns) 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


ACTIVE 
(mW) 


STANDBY 
(mW) 


16M 


4Mx4 


TMS626402-10 
TMS626402-12 
TMS626402-15 


9 
10 
12 


3.3 ±10% 


612 
504 
468 


3.6 


44 


DGE 




5-3 


2Mx8 


TMS626802-10 
TMS626802-12 
TMS626802-15 


9 
10 
12 


3.3 ±10% 


612 
504 
468 


3.6 


44 


DGE 




5-41 



t DGE Plastic Surface Mount Thin Small-Outline Package (TSOP) 
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Video RAMs 



DENSITY 


ORGANIZATION 


DEVICE NUMBER 


MAX 
ACCESS 


POWER 
SUPPLY 
00 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


(WORDS x BITS) 


TIME 

/not 

(nsj 


ACTIVE 
(mW) 


STANDBY 
(mW) 


1024K 


256Kx4 


SMJ44C251B-10 
SMJ44C251B-12 


100 
120 


5 ±10% 


550 
495 


83 


28 


HJ, HM, 
JD, SV 


Military 
CMOS 
Muitiport 
Video RAM 


8-145 






SMJ55161-70 
SMJ55161-80 


70 
80 


5 ±10% 


1050 
975 


825 
800 


64,68 


GB, 
HKC 


Military 
CMOS 
Muitiport 
Video RAM 


8-197 






SMJ551 66-70 
SMJ551 66-80 


70 
80 


5 ±10% 


1050 
975 


825 
800 


64, 68 


GB, 
HKC 


Military 
CMOS 
Muitiport 
Video RAM 


8-259 


4096K 


256Kx16 


TMS551 60-60 
TMS551 60-70 
TMS551 60-80 


60 
70 
80 


5 ±10% 


908 
oou 


28 


64 


DGH 


CMOS 
Muitiport 
Video RAM 


5-79 






TMS55161-60 
TMS55161-70 
TMS56161-80 


60 
70 
80 


5 ±10% 


908 
880 


28 


64 


DGH 


CMOS 
Muitiport 
Video RAM 


5-191 






TMS551 65-60 
TMS55165-70 
TMS561 65-80 


60 
70 
80 


5 ±10% 


908 
880 


28 


64 


DGH 


CMOS 
Muitiport 
Video RAM 


5-135 






TMS551 66-60 
TMS551 66-70 
TMS551 66-80 


60 
70 
80 


5 ±10% 


908 
880 


28 


64 


DGH 


CMOS 
Muitiport 
Video RAM 


5-251 



t DGH Plastic Super Small-Outline Package (SSOP) 
GB Ceramic Pin Grid Array 
HJ Ceramic Small-Outline J-Lead (Military) (SOJ) 
HKC 0.5 mm Pitch Ceramic FlatpaCk (Non-conductive tie bar) (Military) 
HM Small-Outline Leadless Ceramic Chip Carrier (Military) (SOLCC) 
JD Ceramic Sidebrazed Dual In-Line Package (Military) (DIP) 
SV Ceramic Zig-Zag Package (ZIP) (Military) 



2-10 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77001 



Selection Guide 



DRAM Module 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(ns) 


POWER 
SUPPLY 
(V) 


DIMENSION 
LENGHTx HEIGHT 
INCHES 
(MILLIMETERS) 


PINS 


PACKAGE 


PAGE 




4Mx8 


TM4100GAD8-60 
TM4100GAD8-70 
TM4100GAD8-80 


60 
70 
80 


5 ±10% 


3.5" x 0.8" 
(88,90 x 20,32) 


30 


Single-Sided 

Socketable 

Solder-Tabbed 


6-3 




TM497GU8-60 
TM497GU8-70 
TM497GU8-80 


60 
70 
80 


5 ±10% 


3.5" x 0.65" 
(88,90x16,65) 


30 


Single-Sided 

Socketable 

Solder-Tabbed 


6-9 




4Mx9 


TM4100EAD9-60 
TM4100EAD9-70 
TM4100EAD9-80 


60 
70 
80 


5 ±10% 


3.5" x 0.8" 
(88,90 x 20,32) 


30 


Single-Sided 

Socketable 

Solder-Tabbed 


6-15 




TM497EU9-60 
TM497EU9-70 
TM497EU9-80 


60 
70 
80 


5 ±10% 


3.5" x 0.8" 
(88,90 x 20,32) 


30 


Single-Sided 

Socketable 

Solder-Tabbed 


6-23 






TM124BBK32-60 
TM124BBK32-70 
TM124BBK32-80 


60 
70 
80 


5 ±10% 


3.5" x 0.65" 
(88,90x16,65) 


72 


Single-Sided, 

Socketable 

Gold-Tabbed 


6-29 




1Mx 32 


TM124BBK32S-60 
TM124BBK32S-70 
TM124BBK32S-80 


60 
70 
80 


5 ±10% 


4.25" x 1 .00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-29 




TM124BBK32F-60 
TM124BBK32F-70 
TM124BBK32F-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Gold-Tabbed 


6-39 


4 MByte 




TM124BBK32U-60 
TM124BBK32U-70 
TM124BBK32U-80 


60 
70 
80 


5 ±10% 


4.25" x 1 .00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-39 




TM1 24MBK36B-60 
TM124MBK36B-70 
TM124MBK36B-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


bingie-biaeu 

Socketable 

Gold-Tabbed 


6-63 






TM1 24MBK36R-60 
TM124MBK36R-70 
TM124MBK36R-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-63 






TM1 24MBK36C-60 
TM124MBK36C-70 
TM124MBK36C-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Gold-Tabbed 


6-81 




1Mx36 


TM124MBK36S-60 
TM124MBK36S-70 
TM124MBK36S-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-81 




TM1 24MBK36F-60 
TM124MBK36F-70 
TM124MBK36F-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Gold-Tabbed 


6-73 






TM1 24MBK36U-60 
TM124MBK36U-70 
TM124MBK36U-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-73 






TM124MBK36G-60 
TM124MBK36G-70 
TM124MBK36G-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Gold-Tabbed 


6-91 






TM124MBK36V-60 
TM124MBK36V-70 
TM124MBK36V-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-91 
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ORAM Module (continued) 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 

(n») 


POWER 
SUPPLY 
(V) 


DIMENSION 
LbNun i x nclUn I 
INCHES 
(MILLIMETERS) 


PINS 


PACKAGE 


PAGE 






TM248CBK32-60 
TM248CBK32-70 
TM248CBK32-80 


60 
70 
80 


5*10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-29 




2Mx32 


TM248CBK32S-60 
TM248CBK32S-70 
TM248CBK32S-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-29 




TM248CBK32F-60 
TM248CBK32F-70 
TM248CBK32F-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-39 






TM248CBK32U-60 
TM248CBK32U-70 
TM248CBK32U-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-39 






TM248NBK36B-60 
TM248NBK36B-70 
TM248NBK36B-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-63 


8 MByte 




TM248NBK36R-60 
TM248NBK36R-70 
TM248NBK36R-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-63 




TM248NBK36C-60 
TM248NBK36C-70 
TM248NBK36C-80 


60 
70 

80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-81 




2M x36 


TM248NBK36S-60 

TM248NBK36S-70 
TM248NBK36S-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-81 




TM248NBK36F-60 

TM248NBK36F-7Q 
TM248NBK36F-80 


60 

70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-73 






TM248NBK36U-60 
TM248NBK36U-70 
TM248NBK36U-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-73 






TM248NBK36G-60 
TM248NBK36G-70 
TM248NBK36G-0 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-91 






TM248NBK36V-60 
TM248NBK36V-70 

TM248NBK36V-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-91 
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DRAM Module (Concluded) 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(nt) 


POWER 
SUPPLY 

00 


DIMENSION 
LENGHTx HEIGHT 
INCHES 
(MILLIMETERS) 


PINS 


PACKAGE 


PAGE 




4M x 32 


TM497BBK32-60 
TM497BBK32-70 
TM497BBK32-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Gold-Tabbed 


6-47 




TM497BBK32S-60 
TM497BBK32S-70 
TM497BBK32S-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95x25,40) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-47 






TM497MBK36A-60 
TM497MBK36A-70 
TM497MBK36A-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-99 


16 MBvte 


4Mx36 


TM497MBK36Q-60 
TM497MBK36Q-70 
TM497MBK36Q-80 


60 
70 
80 


5 ±10% 


4.25" x 1.00" 
(107,95 x 25,40) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-99 


TM497MBM36A-60 
TM497MBM36A-70 
TM497MBM36A-80 


60 
70 
80 


5 ±10% 


4.25" x 1.25" 
(107,95x31,75) 


72 


Single-Sided 

Socketable 

Gold-Tabbed 


6-107 






TM497MBM36Q-60 
TM497MBM36Q-70 
TM497MBM36Q-80 


60 
70 
80 


5 ±10% 


4.25" x 1.25" 
(107,95x31,75) 


72 


Single-Sided 

Socketable 

Solder-Tabbed 


6-107 




8M x 32 


TM893CBK32-60 
TM893CBK32-70 
TM893CBK32-80 


60 
70 
80 


5±10% 


4.25" x 1.25" 
(107,95 x 31,75) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-55 




TM893CBK32S-60 
TM893CBK32S-70 
TM893CBK32S-80 


60 
70 
80 


5 ±10% 


4.25" x 1.25" 
(107,95x31,75) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-55 


32 MByte 


8Mx36 


TM893NBM36A-60 
TM893NBM36A-70 
TM893NBM36A-80 


60 
70 
80 


5 ±10% 


4.25" x 1.25" 
(107,95x31,75) 


72 


Double-Sided 

Socketable 

Gold-Tabbed 


6-107 


TM893NBM36Q-60 
TM893NBM36Q-70 
TM893NBM36Q-80 


60 
70 
80 


5 ±10% 


4.25" x 1.25" 
(107,95x31,75) 


72 


Double-Sided 

Socketable 

Solder-Tabbed 


6-107 
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EPROM 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(n.) 


POWER 
SUPPLY 


MAX POWER 
DISSIPATION 


PINS 


PACKAQEt 


NOTES 


PAGE 


ACTIVE 
(mW) 


STANDBY 
(mW) 




16Kx8 


SMJ27C128-12 
SMJ27C128-15 
SMJ27C128^17 
SMJ27C1 28-20 
SMJ27C1 28-25 


120 
150 
170 
200 
250 


5±10% v 


138 


1.7 


28 


J 


Military 


8-319 


256K 


32Kx8 


TMS27C256-10 
TMS27C256-12 
TMS27C256-15 
TMS27C256-17 
TMS27C256-20 
TMS27C256-25 


100 
120 
150 
170 
200 
250 


5 ±10% 


165 


1.4 


28 


J 


CMOS 


7-143 


51 2K 


64Kx8 


TMS27C510-12 
TMS27C510-15 
TMS27C510-17 
TMS27C510-20 
TMS27C510-25 


120 
150 
170 
200 
250 


5 ±10% 


165 


1.4 


32 


J 


CMOS 


7-155 


TMS27C512-10 
TMS27C512-12 
TMS27C512-15 
TMS27C512-20 
TMS27C512-25 


100 
120 
150 
200 
250 


5 ±10% 


165 




28 


J 


CMOS 


7-167 


1024K 


128Kx8 


TMS27C010A-10 
TMS27C010A-12 
TMS27G010A-15 
TMS27C010A-20 


100 
120 
150 
200 


5 ±10% 


165 


0.55 


32 


J 


CMOS 


7-179 


64Kx16 


TMS27C210A-10 
TMS27C210A-12 
TMS27C210A-15 
TMS27C210A-20 
TMS27C210A-25 


100 
120 
150 
200 
250 


5 ±10% 


165 


0.55 


40 


J 


CMOS 


7-191 


2048K 


256Kx8 


TMS27C020-12 
TMS27C020-15 
TMS27C020-20 
TMS27C020-25 


120 
150 
200 
250 


5 ±10% 


165 


0.55 


32 


J 


CMOS 


7-201 



t J Ceramic Dual In-Line Package (DIP) 
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Flash 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
<n») 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


ACTIVE 
(mW) 


STANDBY 
(mW) 


51 2K 


64Kx8 


TMS28F512A-10 
TMS28F512A-12 
TMS28F512A-15 
TMS28F512A-17 


100 
120 
150 
170 


5 ±10% 


165 


.55 


32 


FM, N, 
DD, DU 


CMOS 

Flash 

Memory 


7-3 


1024K 


128Kx8 


TMS28F010B-90 
TMS28F010B-10 
TMS28F010B-12 
TMS28F010B-15 


100 
120 
150 
170 


5 ±10% 


165 


.55 


32 


DD, DU, 
FM 


CMOS 

Flash 

Memory 


7-25 


64Kx16 


TMS28F210-10 
TMS28F210-12 
TMS28F210-15 
TMS28F210-17 


100 
120 
150 
170 


5 ±10% 


275 


.55 


40,44 


FN, J 


CMOS 

Flash 

Memory 


7-47 


2048K 


256Kx8 


TMS28F020-10 
TMS28F020-12 
TMS28F020-15 
TMS28F020-17 


100 
120 
150 
170 


5 ±10% 


275 


.55 


32 


FM, DD 


CMOS 

Flash 

Memory 


7-67 


256Kx8or 
128Kx16 


TMS28F200X-60* 
TMS28F200X-70* 
TMS28F200X-80* 
TMS28F200X-90* 


60 
70 
80 
90 


5 ±5% 
5 ±10% 
5 ±10% 
5 ±10% 


358 


.55 


44,56 


DBJ, DBR 


CMOS 
Boot-Block 
Flash 
Memory 


7-87 


4096K 


517Kx8or 
256Kx16 


TMS28F400X-60* 
TMS28F400X-70* 
TMS28F400X-80* 
TMS28F400X-90* 


60 
70 
80 
90 


5 ±5% 
5 ±10% 
5 ±10% 
5 ±10% 


358 


.55 


44,56 


DBJ, DBR 


CMOS- 
Boot-Block 
Flash 
Memory 


7-115 



t DBJ Plastic Small-Outline Package 

DBR Plastic Small-Outline Package 

DD Plastic Thin Small-Outline Package 

DU Plastic Thin Small-Outline Reverse Form Package 

FM Plastic Leaded Chip Carrier 

FN Plastic Leaded Chip Carrier 

J Ceramic Dual In-Line Package (DIP) 

N Plastic Dual In-Line Package (DIP) 
$ Advance Information for product under development by Tl 
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EPROM 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(ns) 


POWER 
SUPPLY 
00 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


ACTIVE 
(mW) 


STANDBY 
(mW) 


4096K 


512Kx8 


TMS27C040-10 
TMS27C040-12 
TMS27C040-15 


100 
120 
150 


5 ±10% 


275 


0.55 


32 


J 


CMOS 


7-211 


SMJ27C040-10 
SMJ27C040-12 
SMJ27C040-15 


100 
120 
150 


5 ±10% 


275 


0.55 


32 


J 


Military 


8-331 


256Kx16 


TMS27C240-10 
TMS27C240-12 
TMS27C240-15 


100 
120 
150 


5 ±10% 


275 


0.55 


40 


J 


CMOS 


7-221 



t J Ceramic Dual In-Line Package (DIP) 
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One-Time Programmable (OTP) PROM 



DENSITY 


ORGANIZATION 
(WORDS x BITS) 


DEVICE NUMBER 


MAX 
ACCESS 
TIME 
(ns) 


POWER 
SUPPLY 
(V) 


MAX POWER 
DISSIPATION 


PINS 


PACKAGEt 


NOTES 


PAGE 


ACTIVE 
(mW) 


STANDBY 
(mW) 


256K 


32Kx8 


TMS27PC256-10 
TMS27PC256-15 
TMS27PC256-17 
TMS27PC256-20 
TMS27PC256-25 


100 
150 
170 
200 
250 


5±10% 


165 


1.4 


28, 32 


FM, N 


CMOS 


7-143 


51 2K 


64Kx8 


TMS27PC510-15 
TMS27PC510-17 
TMS27PC510-20 
TMS27PC510-25 


150 
170 
200, 
250 


5 ±10% 


165 


1.4 


32 


FM, N 


CMOS 


7-155 


TMS27PC512-10 
TMS27PC512-12 
TMS27PC512-15 
TMS27PC5 12-20 
TMS27PC512-25 


100 
120 
150 
200 
250 


5 ±10% 


165 


1.4 


28, 32 


DD, DU, 
FM, N 


CMOS 


7-167 


1024K 


128Kx8 


TMS27PC010A-12 
TMS27PC010A-15 
TMS27PC010A-20 


120 
150 
200 


5 ±10% 


165 


0.55 


32 


DD, DU, 
FM, N 


CMOS 


7-179 


64Kx16 


TMS27PC210A-12 
TMS27PC210A-15 
TMS27PC210A-20 
TMS27PC210A-25 


120 
150 
200 
250 


5 ±10% 


165 


0.55 


44 


FN 


CMOS 


7-191 


2048K 


256Kx8 


TMS27PC020-12 
TMS27PC020-15 
TMS27PC020-20 
TMS27PC020-25 


120 
150 
200 
250 


5 ±10% 


165 


0.55 


32 


FM 


CMOS 


7-201 


4096K 


512Kx8 


TMS27PC040-10 
TMS27PC040-12 
TMS27PC040-15 


100 
120 
150 


5 ±10% 


275 


0.55 


32 


FM 


CMOS 


7-211 


256Kx16 


TMS27PC240-10 
TMS27PC240-12 
TMS27PC240-15 


100 
120 
150 


5 ±10% 


275 


0.55 


44 


FN 


CMOS 


7-221 



t DD Plastic Thin Small-Outline Package 

DU Plastic Thin Small-Outline Reverse Form Package 

FM Plastic Leaded Chip Carrier 

FN Plastic Leaded Chip Carrier 

N Plastic Dual In-Line Package (DIP) 
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Definition of Terms/Timing Conventions 



GENERAL CONCEPTS AND TYPES OF MEMORIES 

Address - Any given memory location in which data can be stored or from which it can be retrieved. 
Automatic Chip-Select/Power Down - see Chip Enable Input. 

Bit - Contraction of binary digit i .e. , a 1 or a 0. 1 n electrical terms, the value of a bit can be represented by the presence 
or absence of charge, voltage, or current. 

Byte - A word of eight bits (see Word). 

C of C - Certification of Conformance. 
CDIP - Ceramic Dual In-Line Package. 
CERPAC - CERamic flat PACk (hermetic). 

CMOS - A complementary MOS technology that uses transistors with electron (N-channel) and hole (P-channel) 
conduction. 

Chip Enable Input - A control input to an integrated circuit that, when active, permits operation of the integrated 
circuit for input, internal transfer, manipulation, refreshing, and/or output of data and, when inactive, causes the 
integrated circuit to be in a reduced-power standby mode. 

Chip Select Input - Chip select inputs are gating inputs that control the input to, and output from, the memory. They 
may be of two kinds: 

1 . Synchronous - Clocked/latched with the memory clock. Affects the inputs and outputs for the duration 
of that memory cycle. 

2. Asynchronous - Has direct asynchronous control of inputs and outputs. In the read mode, an 
asynchronous chip select functions like an output enable. 

Column Address Strobe (CAS) - A c lock u sed in dynamic RAMs to control the input of column addresses. It can 
be active high (CAS) or active low (CAS). 

Data - Any information stored or retrieved from a memory device. 

Die - Unpackaged semiconductor. 

DIP - Dual In-line Package. 

DESC - Defense Electronics Supply Center. 

Dynamic (Read/Write) Memory (DRAM) - A read/write memory in which the cells require the repetitive application 
of control signals in order to retain the stored data. 
NOTES: 

1 . The words "read/write" can be omitted from the term when no misunderstanding will result. 

2. Such repetitive application of the control signals is normally called a refresh operation. 

3. A dynamic memory might use static addressing or sensing circuits. 

4. This definition applies whether the control signals are generated inside or outside the integrated circuit. 
EPIC™ - Enhanced Performance Implanted CMOS. 

Erasable and Programmable Read-Only Memory (EPROM) - A field-programmable read-only memory that can 
have the data content of each memory cell altered more than once. 



EPIC is a trademark of Texas Instruments Incorporated. 
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Erase - Typically associated with EPROMs and Flash Memories. The procedure whereby programmed data is 
removed and the device returns to its unprogrammed state. 

ESD - Electrostatic Discharge. 

Extended Data Output - Extended data out allows for data output rates of up to 40 MHz for 60 ns devices. When 
keeping the same row address while selecting random column addresses, the time for row-address setup and 
hold and address multipl ex is e liminated. The maximum number of columns that can be accessed is determined 
by tRASP* th d maximum RAS low time. 

Extended data out does not enter the DQs into the high-i mpedance state with the rising edge of CAS. The output 
remains valid for the system to latch the data. After CAS goes high, the DRAM is decoding the next address. OE 
and WE can be used to control the output impedance. Descriptions of OE and WE further explains EDO operation 
benefit. 



Field Memory (FMEM) - A serial-access memory that performs high-speed, asynchronous read/write operations. 
(Used mainly for fields of digital TvTvTR that require higher speed operation, lower power consumption, and larger 
capacity.) 

Field-Programmable Read-Only Memory - See One-Time Programmable Read-Only Memory. 
FIFO - First-ln, First-Out. 

Fit - A failure rate of one failure in one billion hours. 

Fixed Memory- A common term for ROMs, EPROMs, EEPROMs, etc., containing data that is not normally changed. 
A more precise term for EPROMs and EEPROMs is nonvolatile since their data can be easily changed. 

Flash Memory - A nonvolatile memory that can be field-programmed like an OTP PROM or EPROM but that can 
be electrically erased by a combination of electrical signals at its inputs. 

FRAM - First-in first-out pseudo-static RAM or Field RAM. 

Fully Static RAM - In a fully static RAM, the periphery as well as the memory array is fully static. The periphery is 
thus always active and ready to respond to input changes without the need of clocks. There is no precharge 
required for static periphery. 

GENERIC DATA- Group A, B, C, & D Quality Conformance Data. 

JAN - Joint Army Navy. Specifically, a JM38510 qualified device. 

JANB - Class B screened JAN device. 

JANS - Class S screened JAN device. 

JEDEC - Joint Electronic Device Engineering Council. 

JTAG - Joint Test Action Group. 

K - When used in the context of specifying a given number of bits of information, 1K = 2 10 = 1024 bits. Thus, 
64K = 64 x 1024 = 65 536 bits. 



Mask-Programmed Read-Only Memory - A read-only memory in which the data content of each cell is determined 
during manufacture by the use of a mask, the data content thereafter being unalterable. 

Memory - A medium capable of storing information that can be retrieved. 

Memory Card - A pocket-size memory storage system. 
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Memory Cell - The smallest subdivision of a memory into which a unit of data has been or can be entered, in which 
it is or can be stored, and from which it can be retrieved. 

Metal-Oxide Semiconductor (MOS) - The technology involving photolithographic layering of metal and oxide to 
produce a semiconductor device. 

MIL-M-38510 -A military controlling specification pertaining mainly to JAN-qualified devices (microcircuits). 

MIL-STD-883 - A military controlling specification containing detailed descriptions of the screening processes 
pertaining to Class B and Class S devices (microcircuits). 

NMOS - A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short for 
N-channel MOS.) 

Nonvolatile Memory - A memory in which the data content is maintained whether the power supply is connected 
or not. 

OTP - One-Time Programmable! 

One-Time Programmable (OTP) Read-Only Memory - A read-only memory that, after being manufactured, can 
have the data content of each memory cell altered once. Also referred to as OTP. 

Output Enable - A control input that, when true, permits data to appear at the memory output, and when false, causes 
the output to assume a high-impedance state. (See also chip select.) 

PCMCIA - Personal Computer Memory Card International Association. 
PDIP - Plastic Dual-Inline Package. 
PLCC - Plastic Leaded Chip Carrier. 

PMOS — A type of MOS technology in which the basic conduction mechanism is governed by holes. (Short for 
P-channel MOS.) 

Parallel Access - A feature of a memory by which all the bits of a byte or word are entered simultaneously at several 
inputs or retrieved simultaneously from several outputs. 

Power Down - A mode of a memory during which the device is operating in a low-power or standby mode. Normally 
read or write operations of the memory are not possible under this condition. 

Program - Typically associated with EPROM and OTP memories, the procedure whereby logical Os (or 1 s) are stored 
into various desired locations in a previously erased device. 

Program Enable - An input signal that, when true, puts a programmable memory device into the program mode. 

Programmable Read-Only Memory (PROM) - See One-Time Programmable (OTP) Read-Only Memory. 

Printed Wiring Board (PWB) - A substrate of epoxy glass, clad material, or other material upon which a pattern of 
conductive traces is formed to interconnect the components that are mounted upon it. 

Read - A memory operation whereby data is output from a desired address location. 

Read-Only Memory (ROM) - A memory in which the contents are not intended to be altered during normal operation. 
NOTE: Unless otherwise qualified, the term "read-only memory" implies that the contents are determined by its 
structure and are unalterable. 

Read/Write Memory - A memory in which each cell may be selected by applying appropriate electrical input signals 
and the stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other 
similar electrical input signals. 

Row Address Strobe (RAS) - A cl ock u sed in dynamic RAMs to control the input of the row addresses. It can be 
active high (RAS) or active low (RAS). 
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SCD - Source Control Drawings. 

Scaled-MOS (SMOS) - MOS technology under which the device is scaled down in size in three dimensions and in 
operating voltages allowing for improved performance. 

SDRAM - Synchronous Dynamic Random Access Memory. SDRAM synchronizes all address, data and control 
signals with the system clock. This makes the data transfer rates much higher than can be attained with 
asynchronous data. System design will be made easier with timing relationships now similar to other system 
operations. 

Semi-Static (Quasi-Static, Pseudo-Static) RAM - In a semi-static RAM, the periphery is clock-activated (i.e., 
dynamic). Thus the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The 
peripheral circuitry must be allowed to reset after each active memory cycle for a minimum precharge time. No 
refresh is required. 

Serial Access - A feature of a memory by which all the bits are entered sequentially at a single input or retrieved 
sequentially from a single output. 

SIMM - Single In-Line Memory Module. 

Small Outline Integrated Circuit (SOIC) - A package in which an integrated circuit chip can be mounted to form 
a surface-mounted component. It is made of a plastic material that can withstand high temperatures and has leads 
formed in a gull-wing shape along its two longer sides for connection to a PWB footprint. 

SMD - Standard Military Drawing. 

SOLCC - Small Outline Leadless Ceramic Chip Carrier. 

SOJ - Small Outline J-lead package. 

SOP - Small Outline Package. 

SQFP - Small Quad Flat Pack. 

Static RAM (SRAM) - A read/write random-access device within which information is stored as latched voltage 
levels. The memory cell is a static latch that retains data as long as power is applied to the memory array. No 
refresh is required. The type of periphery circuitry sub-categorizes static RAMs. 

ThinSOJ - (TSOJ) Thin Small-Outline J-Lead package. 
ThinSOP - (TSOP) Thin Small-Outline package. 

Very-Large-Scale Integration (VLSI) - The description of an IC technology that is much more complex than large- 
scale integration (LSI) and involves a much higher equivalent gate count. At this time an exact definition including 
a minimum gate count has not been standardized by JEDEC or the IEEE. 

Video RAM (VRAM) - A dual-port dynamic random-access memory with an on-chip serial data register. 

Volatile Memory - A memory in which the data content is lost when the power supply is disconnected. 

Word - A series of one or more bits that occupy a given address location and then can be stored and retrieved in 
parallel. 

Write - A memory operation whereby data is written into a desired address location. 

Write Enable -A control signal that when true causes the memory to assume the write mode, and when false causes 
it to assume the read mode. 



ZIP - Zig-zag In-line Package. 
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OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 
Capacitance 

The Inherent capacitance on every pin, which can vary with various inputs and outputs. 

Example symbology: 

Cj Input capacitance 

C 0 Output capacitance 

Cjp) Input capacitance, data input 

Current 

High-level Input current, I|h 

The current into an input when a high-level voltage is applied to that input. 
High-level output current, Iqh 

The current into* an output with input conditions applied that, according to the product specification, establishes 
a high level at the output. 

Low-level Input current, 

The current into an input when a low-level voltage is applied to that input. 
Low-level output current, Iql 

The current into* an output with input conditions applied that, according to the product specification, establishes 
a low level at the output. 

Off-state (high-impedance state) output current (of a three-state output,) loz 

The current into* an output having three-state capability with input conditions applied that according to the product 
specification establishes the high-impedance state at the output. 

Short-circuit output current, Iqs 

The current into* an output when the output is short-circuited to ground (or other specified potential) with input 
conditions applied to establish the output logic level farthest from ground potential (or other specified potential). 

Supply current, Ibb, *CC» hDf *PP 

The current into, respectively, the Vbb. Vqc. Vqd. Vpp supply terminals. 
*Current out of a terminal is given as a negative value. 

Operating Free-Air Temperature 

The temperature (T/0 range over which the device operates and the range which meets the specified electrical 
characteristics. 

Voltage 

High-level input voltage, Vjh 

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 
variables. 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which 
of the logic element within specification limits is guaranteed. 
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High-level output voltage, Vqh 

The voltage at an output terminal with input conditions applied that, according to the product specification, 
establishes a high level at the output. 

Low-level input voltage, V||_ 

An input voltage level within the less positive (more negative) of the two ranges of values is used to represent 
the binary variables. 

NOTE: The most positive value of low-level input voltage is specified for which operation of the logic element 
within specification limits is guaranteed. 

Low-level output voltage, Vql 

The voltage at an output terminal with input conditions applied that, according to the product specification, 
establishes a low level at the output. 

Supply voltages, V BB , V cc , V DD , V PP 

The voltages supplied to the corresponding voltage pins that are required for the device to function. From one 
to four of these supplies may be necessary, along with ground (Vss). 

Time Intervals 

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted by 
JEDEC, the IEEE, and the IEC. Two basic forms are used. The first form is usually used when intervals can be 
easily classified as access, cycle, disable, enable, hold, refresh, setup, transition, or valid times and for pulse 
durations. The second form can be used generally, but in this book primarily, for time intervals not easily 
classifiable. The second (unclassified) form is described first. Since some manufacturers use this form for all time 
intervals, symbols in the unclassified form are given with the examples for most of the classified time intervals. 



Unclassified time Intervals 

Generalized letter symbols can be used to identify almost any time interval without classifying it using traditional 
or contrived definitions. Symbols for unclassified time intervals identify two signal events listed in from-to 
sequence using the format: 

tAB-CD 

Subscripts A and C indicate the names of the signals for which changes of state or level or establishment of state 
or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning and end 
of the time interval. E very effort is made to keep the A and C subscript length down to one letter, if possible (e.g. , 
R for RAS and C for CAS). 

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals 
represented by A and C, respectively. One or two of the following is used: 

H = high or transition to high 
L = low or transition to low 
V = a valid steady-state level 
X = unknown, changing, or "don't care** level 
Z = high-impedance (off) state 
The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. 
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Classified time intervals (general comments, specific times follow) 

Because of the information contained in the definitions, frequently the identification of one or both of the two signal 
events that begin and end the intervals can be significantly shortened compared to the unclassified forms. For 
example, it is not necessary to indicate in the symbol that an access time ends with valid data at the output. 
However, if both signals are named (e.g., in a hold time), the from-to sequence is maintained. 



The time interval between the application of a specific input pulse and the availability of valid signals at an output. 
Example symbology: 



Cycle time 

The time interval between the start and end of a cycle. 

NOTE: The cycle time is the actual time interval between two signal events and is determined by the system 
in which the digital circuit operates. A minimum value is specified that is the shortest interval that must 
be allowed for the digital circuit to perform a specified function (e.g., read, write, etc.) correctly. 

Example symbology: 

Classified Unclassified Description 

tc(R)» t c(rd) *AVAV(R) Read cycle time 

t c (vv) WAV(W) Write cycle time 

NOTE: R is usually used as the abbr eviation for "read"; however, in the case of dynamic memories, "rd" is used 

to permit R to stand for RAS. 

Disable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with the 
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 

Example symbology: 

Classified Unclassified Description 

tdis(S) tSHQZ Output disable time after chip select (high) 

tdj S (w) *WLQZ Output disable time after write enable (low) 

These symbols supersede the older forms tpvz or tpxz- 

Enable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 

NOTE: For memories these intervals are often classified as access times. 

Example symbology: 

Classified Unclassified Description 

t en (SL) *SLQV Output enable time after chip select low 

These symbols supersede the older from tpzy 



Access time 



Classified 



Unclassified 
*AVQV 
tSLQV 



Description 

Access time from address 
Access time from chip select (low) 



ta(A) 

ta(S). ta(CS) 
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Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition occurs 
at another specified input terminal. 

NOTES: 1 . The hold time is the actual time interval between two signal events and is determined by the system 
in which the digital circuit operates. A minimum value is specified that is the shortest interval for which 
correct operation of the digital circuit is guaranteed. 

2. The hold time can have a negative value in which case the minimum limit defines the longest interval 
(between the release of the signal and the active transition) for which correct operation of the digital 
circuit is guaranteed. 

Example symbology: 



Classified 


Unclassified 


Description 


t h (D) 


l WHDX 


Data hold time (after write high) 


th(RHrd) 


tRHWH 


Read (write enable high) hold time after RAS high 


th(CHrd) 


tCHWH 


Read (write enable high) hold time after CAS high 


th(CLCA) 


tCL-CAX 


Column address hold time after CAS low 


th(RLCA) 


tRL-CAX 


Column address hold time after RAS low 


th(RA) 


tRL-RAX 


Row address hold time (after RAS low) 



These last three symbols supersede the older forms: 
NEW FORM OLD FORM 

th(CLCA) *h(AC) 
th(RLCA) th(ARL) 
th(RA) *h(AR) 
NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the classified 
form. In the case of hold times, this causes the order to seem reversed from what would be suggested 
by the terms. 

Pulse duration (width) 

The time interval between the specified reference points on the leading and trailing edges of the pulse waveform. 
Example symbology: 

Classified Unclassified Description 

t w (w) *WLWH Write pulse duration 

t w (RL) tRLRH Pulse duration, RAS low 

Refresh time interval 

The time interval between the beginnings of successive signals that are intended to restore the level in a dynamic 
memory cell to its original level. 

NOTE: The refresh time interval is the actual time interval between two refresh operations and is determined 
by the system in which the digital circuit operates. A maximum value is specified that is the longest 
interval for which correct operation of the digital circuit is guaranteed. 

Example symbology: 

Classified Unclassified Description 

trf Refresh time interval 
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Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal. 

NOTES: 1 . The setup time is the actual time interval between two signal events and is determined by the system 
in which the digital circuit operates. A minimum value is specified that is the shortest interval for which 
correct operation of the digital circuit is guaranteed. 

2. The setup time can have a negative value in which case the minimum limit defines the longest interval 
(between the active transition and the application of the other signal) for which correct operation of 
the digital circuit is guaranteed. 

Example symbology: 



Classified Unclassified Description 

t SU (D) tovwH Data setup time (before write high) 

tsu(CA) tCAV-CL Column address setup time (before CAS low) 

*su(RA) tRAV-RL Row address setup time (before RAS low) 



Transition times (aiso called rise and fall times) 

The time interval between two reference points (1 0% and 90% unless otherwise specified) on the same waveform 
that is changing from the defined low level to the defined high level (rise time) or from the defined high level to 
the defined low level (fall time). 

Example symbology: 



Classified Unclassified Description 
t t Transition time (general) 

tt(CH) tCHCH Low-to-high transition time of CAS 

tf(C) tcHCH CAS rise time 

tf(c) tCLCL CAS fall time 

Valid time 

(a) General 



The time interval during which a signal is (or should be) valid, 
(b) Output data-valid time 

The time interval in which output data continues to be valid following a change of input conditions that could 
cause the output data to change at the end of the interval. 

Example symbology: 

Classified Unclassified Description 

t v (A) *AXQX Output data valid time after change of address 

This supersedes the older form tpvx- 
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TIMING DIAGRAMS CONVENTIONS 
Meaning 

Timing Diagram Symbol Input Forcing Functions Output Response Functions 



Must be steady high or low 



High-to-low changes permitted 



Low-to-high changes permitted 



Don't care 



Will be steady high or low 



Will be changing from high to low sometime 
during designated intervals 



Will be changing from low to high sometime 
during designated intervals 



State unknown or changing 



Centerline represents high-impedance 
(off) state. 
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DRAMs 



SDRAM/VRAMs 


5 




6 


EPROMs/OTP PROMs/Flash EEPROMs 


Military Products 


8 


Mechanical Data 


9 


Logic Symbols- w i-^^. ^ : ;^i j s^ 


10 


Quality and Reliability 




Electrostatic Discharge Guidelines r 
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CHAPTER 4. DYNAMIC RANDOM-ACCESS MEMORY (DRAM) 

TMS44460 4 1 94304-bit (1 024K x 4) Enhanced Page Mode, Quad CAS 4-5 

TMS44460P 4 1 94304-bit (1 024K x 4) Enhanced Page Mode, Quad GAS, Low Power 4-5 

TMS46460 4194304-bit (1 024K x 4) Low Voltage, Quad CAg 4-5 

TMS46460P 4 1 94304-bit (1 024K x 4) Low Voltage, Quad CAS, Low Power 4-5 

TMS441 00 41 94304-bit (4096K x 1 ) Enhanced Page Mode 4-27 

TMS44100P 4194304-bit (4096K x 1) Low Power 4-27 

TMS46100 4194304-bit (4096Kx1) Low Voltage 4-27 

TMS46100P 4194304-bit (4096Kx 1) Extended Refresh 4-27 

TMS44400 4 1 94304-bit (1 024K x 4) Enhanced Page mode 4-51 

TMS44400P 4 1 94304-b'rt (1 024K x 4) Low Power 4-51 

TMS46400 4 1 94304-bit (1 024K x 4) Low Voltage 4-51 

TMS46400P 4 1 94304-bit (1 024K x 4) Extended Refresh 4-51 

TMS441 65 4 1 94304-bit (256K x 1 6) Enhanced Page Mode 4-73 

TMS44165P 4194304-bit (256K x 1 6) Low Power 4-73 

TMS451 60 41 94304-bit (256K x 1 6) Enhanced Page Mode 4-93 

TMS45160P 4194304-bit (256K x 16) Low Power 4-93 

TMS45165 4194304-bit (256K x 16) Enhanced Page Mode 4-115 

TMS451 65P 4 1 94304-bit (256K x 1 6) Low Power 4-115 

TMS416400 16777216-bit (4096K x 4) Enhanced Page Mode 4-135 

TMS416400P 16777216-bit (4096K x 4) Enhanced Page Mode 4-135 

TMS417400 16777216-bit (4 096K x 4) Enhanced Page Mode 4-135 

TMS417400P 16777216-bit (4096K x 4) Enhanced Page Mode 4-135 

TMS426400 16777216-bit (4096K x 4) Low Voltage 4-135 

TMS426400P 16777216-bit (4 096K x 4) Low Voltage, Low Power 4-135 

TMS427400 16777216-bit (4096Kx 4) Low Voltage 4-135 

TMS427400P 16777216-bit (4096Kx 4) Low Voltage, Low Power . . . . 4-135 

TMS416160 16777216-bit (1 024Kx 16) Enhanced Page Mode .......... 4-163 

TMS416160P 16777216-bit (1 024Kx 16) Low Power 4-163 

TMS4261 60 1 677721 6-bit (1 024K x 1 6) Low Voltage 4-1 63 

TMS4261 60P 1 677721 6-bit (1 024K x 1 6) Low Voltage, Low Power 4-1 63 

TMS41 81 60 1 677721 6-bit (1 024K x 1 6) Enhanced Page Mode 4-1 63 

TMS41 81 60P 1 677721 6-bit (1 024K x 1 6) Low Power 4-1 63 

TMS4281 60 1 677721 6-bit (1 024K x 1 6) Low Voltage 4-1 63 

TMS428160P 16777216-bit (1 024K x 16) Low Voltage, Low Power 4-163 

TMS464400 67108864-bit (16384K x 4) Enhanced Page Mode 4-187 

TMS464400P 67108864-bit (16384Kx 4) Enhanced Page Mode, Low Power 4-187 

TMS464800 67 1 08864-bit (8 1 92K x 8) Enhanced Page Mode 4-1 87 

TMS464800P 67 1 08864-bit (81 92K x 8) Enhanced Page Mode, Low Power 4-1 87 

TMS464160 67108864-bit (4096K x 16) Enhanced Page Mode 4-187 

TMS4641 60P 67 1 08864-bit (4096K x 1 6) Enhanced Page Mode, Low Power 4-1 87 
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TMS41 61 69P 1 677721 6-bit (1 024K x 1 6) Extended Data Out Mode, Low Power 4-191 

TMS418169 16777216-bit (1 024K x 16) Extended Data Out Mode 4-191 

TMS41 81 69P 1 677721 6-bit (1 024K x 1 6) Extended Data Out Mode, Low Power 4-191 

TMS426169 16777216-bit (1 024K x 16) Extended Data Out Mode, Low Voltage 4-191 

TMS4261 69P 1 677721 6-bit (1 024K x 1 6) Extended Data Out Mode, Low Voltage, Low Power ..4-191 

TMS4281 69 1 677721 6-bit (1 024K x 1 6) Extended Data Out Mode, Low Voltage 4-191 

TMS4281 69P 1 677721 6-bit (1 024K x 1 6) Extended Data Out Mode, Low Voltage, Low Power . . 4-1 91 
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• Organization ... 1 048576 x 4 

• Single 5-V Power Supply for TMS44460/P 
(±10% Tolerance) 

• Single 3.3-V Power Supply for TMS46460/P 
(±10% Tolerance) 

• Low Power Dissipation (for TMS46460P) 

- 200-iiA CMOS Standby 

- 200-fiA Self Refresh 

- 300-uA Extended-Refresh Battery 
Backup 

• Performance Ranges: 

ACCESS ACCESS ACCESS READ 
TIME TIME TIME OR WRITE 

(tRAC) (tCAC) (tAA) CYCLE 

(MAX) (MAX) (MAX) (MIN) 

'4x460/P-60 60 ns 15 ns 30 ns 110 ns 

'4x460/P-70 70 ns 18 ns 35 ns 130 ns 

'4x460/P-80 80 ns 20 ns 40 ns 150 ns 

• Four Separate CASx Pins Provide for 
Separate I/O Operation 

Parity-Mode Operation 
Enhanced Page-Mode Operation for Faster 
Memory Access 



CAS-Before-RAS (CBR) Refresh 
Long Refresh Period 

- 1024-Cycle Refresh in 16 ms 

- 128 ms (Max) Low-Power, Self-Refresh 
Version (TMS4x460P) 

3-State Unlatched Output 

Texas Instruments EPIC™ CMOS Process 

Operating Free-Air Temperature Range 

0°Cto70°C 



DJ PACKAGE 
(TOP VIEW) 



DGA PACKAGE 
(TOP VIEW) 




PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAST-CAS4 


Column-Address Strobe 


DQ1-DQ4 


Data In /Data Out 


OE 


Output Enable 


RAS 


Row-Address Strobe 


vcc 


5-V or 3.3-V Supply 


vss 


Ground 


W 


Write Enable 



description 



AVAILABLE OPTIONS 



DEVICE 


POWER 
SUPPLY 


SELF-REFRESH 
BATTERY 
BACKUP 


REFRESH 
CYCLES 


TMS44460 


5V 




1024 in 16 ms 


TMS44460P 


5 V 


YES 


1024 in 128 ms 


TMS46460 


3.3 V 




1024 in 16 ms 


TMS46460P 


3.3 V 


YES 


1024 in 128 ms 



The TMS4x460 series are high-speed, 
4194304-bit dynamic random-access memories, 
organized as 1 048576 words of four bits each. 
The TMS4x400P series are high-speed, 
low-power, self-refresh with extended-refresh, 
4194304-bit dynamic random-access memories, 
organized as 1 048576 words of four bits each. 
Both series employ state-of-the-art enhanced 
performance implanted CMOS EPIC™ technology 
for high performance, reliability, and low power. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 



EPIC is a trademark of Texas Instruments 



Jncojjorated^ 



ADVANCE INFORMATION concerns new products In tl 
preproduction phase of development Characteristic i 
specifications are subject to change without notice. 
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description (continued) 

Four separate CAS pins (CAS1-CAS4) provide for separate I/O operations, allowing this device to operate 
in parity mode. The TMS44460 also functions in enhanced page mode, similar to the TMS44400. 

The TMS4x400 and TMS4x400P are offered in a 24/26-lead plastic small outline (TSOP) package (DGA suffix) 
and a 300-mil 24/26-lead plastic surface mount SOJ package (DJ suffix). Both packages are characterized for 
operation from 0°C to 70°C. 



functional block diagram 



RAS CAS1 CAS2 CAS3 CAS4 W OE 

+ I I 4 I + ♦ , 

Timing and Control J 




Data- 




in 


4 


Reg. 








4 


Data- 






Out 




Reg. 





OQ1-DQ4 



operation 
parity mode 

Four CASx pins (CAS1-GAS4) are provided to give independent con trol of the four data I/O pi ns (DQ 1 -DQ4). 
For read or write cycles, the column addressed is latched on the first CASx falling edge. Each CA Sx pin going 
low enables its corresponding DQ pin with data coming from the column addres s latched on the first CASx falling 
edge. All address setup and hold parameters are referenced to the first CASx falling edge. The delay time from 
CASx low to valid data out (see parameter tcAc) is measured from each individual CASx to its corresponding 
DQxpin. 

To latch in a new column address, all four CASx pins must be brought high. T he column precharge time (see 
parameter tcp) is measured from the last CASx rising edg e to th e first CASx falling edge of the new cycle. In 
order for a column addre ss to remain valid while toggling CA Sx, the re exists a minimum setup time (tcLCH) 
where at least one CASx must be brought low before all other CASx pins are taken high. 

For early-writ e cycle s, the data is latched o n the first CASx falling edge. Only the DQs that have the 
corresponding CASx low are written into. Each CASx has t o meet tcAS minimum in order to ensure writing into 
the storage cell. To latch a new address and new data, all CASx pins must come high and meet tcp 

This DQ independence allows the TMS4x460/P to provide four parity bits in memory designs that normally 
require the use of four 1 -megabit x 1 DRAMs. 
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enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multi plex is eliminate d. The 
maximum number of columns that ca n be ac cessed is determined by the maximum RAS low time and the CASx 
page-cycle time used. With minimum CASx page-cy cle tim e, all 1 024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

Unlike c onve ntional page-mode DRAMs, the column-address buffers in this device are activated on the falling 
edge o f RAS. The buffers act as transparent or flow-through latches while CASx is high. The falling edge of 
CASx latches the column addresses. This feature allows the TMS4x400 to operate at a higher data bandwidth 
than conv entiona l page-mode parts because data retrieval begins as soon as the column address is valid rather 
than when CASx transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be pres ented im mediately after row-address hold time has been satisfied, us ually w ell in 
advance of the falling edge of CASx. In this case, data is obtained after tcAC max (access time from CASx low) 
if t/\A max (acce ss tim e from column address) has been satisfied. If column addresses for the next cycle are 
valid at the time CASx goes high, access time f or the next cycle is determined by the later occurrence of tcAC 
or tcpA (access time from rising edge of CASx). 

address (A0-A9) 

Twenty address bits are required to decode 1 of 1 048576 storage-cell location s. Te n row-address bits are set 
up on inputs AO through A9 and latched onto the chip by the row-address strobe (RAS). Th e ten c olumn-address 
bits are set up on AO through A9 and latched o nto th e ch ip by the colu mn-address strobe (CASx). All addresses 
must be stable on or before the falling edges of R AS and CASx. RAS is similar to a chip enable in that it activates 
the sense amplifiers as well as the row decoder. CASx is used as a chip select, activating the output buffer as 
well as latching the address bits into the column-address buffer. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on W selects the read mode 
and a logic low selects the write mode. W can be driven from standard TTL circuits (TMS44460/P) or low-voltage 
TTL circuits (TMS46460/P ) witho ut a pullup resistor. The data input is disabled when the read mode is selected. 
When W goes low prior to CASx (early write), data out remain in the high-impedance state for the entire cycle, 
permitting a write operation independent of the state of OE. This permits early-write operation to be completed 
with OE grounded. 

data in/out (DQ1-DQ4) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CASx and OE 
are brought low. In a read cycle, the o utput be comes valid after all access times are satisfied. The output remains 
valid while CASx and OE are low. CASx or OE going high returns it to a high-impedance state. This is 
accomplished by bringing OE high prior to applying data, satisfying tQED- 

output enable (OE) 

OE controls thejmpedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low during a norma l cycl e activ ates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and CASx to be brought low for the o utput b uffers to go into the 
low-impedance state. They remain in the low-impedance state until either OE or CASx is brought high. 

refresh 

A refresh operation must be performed at least once every 1 6 ms (1 28 ms for TMS4x400P) to retain data. This 
can be achieved by strobing each of the 1024 rows (A0-A9). A normal rea d or wr ite cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CASx at the high (inactive) level, 
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refresh (continued) 

conserving power a s the output buffer remains in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. Hidden refresh can be performed while maintai ning valid data at the 
output. This is accomplished by ho lding CASx at V||_ after a read operation and cycling RAS after a specified 
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden-refresh 
cycle. 

CASx-before-RAS refresh (CBR) 

CBR refresh is utilized by bringing CASx low earlier than RAS (se e para meter tcsR) and holding it low after RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CASx can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 300-mA (TMS46460P) or 500-pA 
(TMS44460P) refresh current is available o n the low-power devices. Data integrity is maintained using CBR 
refresh with a period of 125 \xs while holding RAS low for less than 1 us. To minimize current consumption, all 
input levels need to be at CMOS levels (V|l ^ 0.2 V, V|h ^ Vqc - 0.2 V). 

self refresh 

The self-refresh mode is entered by dropping CASx low prior to RAS going low. CASx and RAS are both held 
low for a minimum of 100 \ns. The chip is then refreshed by an on-board oscillator. No external addre ss is 
req uired b ecause the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS 
and CASx are brought high to satisfy tcHS- Upon exiting the self-refresh mode, a burst refresh (refresh a full set 
of row addresses) must be executed before continuing with normal operation. This ensures the DRAM is fully 
refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 \is followed by a minimum of eight initialization cycles 
i s req uired after full Vqc tevd is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, V cc : TMS44460, TMS44460P - 1 V to 7 V 

TMS46460, TMS46460P -0.5 V to 4.6 V 

Voltage range on any pin (see Note 1): TMS44460, TMS44460P - 1 V to 7 V 

TMS46460, TMS46460P -0.5 V to 4.6 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T sttg -55°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Ail voltage values are with respect to Vss- 



recommended operating conditions 





'44460/P 


'46460/P 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Vcc Supply voltage 


4.5 5 5.5 


3.0 3.3 3.6 


V 


Vih High-level input voltage 


2.4 6.5 


2.0 Vcc + 0.3 


V 


V|l Low-level input voltage (see Note 2) 


- 1 0.8 


-0.3 0.8 


V 


Ta Operating free-air temperature 


0 70 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



TMS44460/P 



PARAMETER 


TEST CONDITIONS 


'44460-60 
'44460P-60 


'44460-70 
'44460P-70 


'44460-80 
'44460P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
un output voltage 


lOH - - 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 




0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±10 


±10 


±10 


HA 


. Output current 
'° (leakage) 


Vqc = 5.5 V, Vo = 0 V to Vqc. 
CASx high 


*10 


±10 


±10 


HA 


Read- or wrlte- 
•CC1 cvc,e current 
(see Note ) 


Vcc * 5.5 V, Minimum cycle 


105 


90 


80 


mA 


■CC2 oieuiuuy i/Uiieiil 


After 1 memory cycle, 
RAS and CASx high, 
V| H = 2.4V(TTL) 


2 


2 


2 


mA 


After 1 memory cycle, 
RAS and CASx high, 
V|H=YCC-0.2V 
(CMOS) 


'44460 


1 


1 


1 


mA 


'44460P 


500 


500 


500 


MA 


Average refresh 
current 
'CC3 (RAS only or 
CBR) 

(see Note 4) 


Vqc ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CASx high (RAS only); 

RAS low after CASx low (CBR) 


105 


90 


80 


mA 


Average page 
, current 
UU4 (see Notes 4 

and 5) 


Vcc = 5.5 V, tpc = minimum, 
RAS low, CASx cycling 


90 


80 


70 


mA 


Self-refresh 
current 
(see Note 4) 


CASx<0.2V, RAS< 0.2 V, 
tRAS and tcAS > 1 000 m s 


500 


.500 


500 


ma 


Standby current, 
ICC7 outputs enabled 
(see Note 4) 


RAS = V| H , CASx = V| L 
Data out enabled 


5 


5 


5 


mA 


Battery-backup 
'CC10 1 " current 

(with CBR) 


tRC = 125ns, tRAS^I l^s. 
Vcc - 0.2 V*V|H* 6.5 V, 
0VsV|L<0.2V, WandOE = V|H, 
Address and data stable 


500 


500 


500 


HA 



t For TMS44460P only 

NOTES: 3. Ice max is specified with no load connected. 



4. Measured with a maximum of one address change while RAS = Vj|_ 

5. Measured with a maximum of one address change while CASx - Vjh 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



TMS46460/P 



PARAMETER 


TEST CONDITIONS 


•WIOO-OV 

'46460P-60 


'46460P-70 


'46460P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vnu High-level 
un output voltage 


IOH=-2mA(LVTTL) 


2.4 


2.4 


2.4 


V 


IOH*-100mA(LVCMOS) 


VcC-0.2 


Vcc-0.2 


VcC"0.2 


v Low-level output 
0L voltage 


lOL = 2mA (LVTTL) 


0.4 


0.4 


0.4 


V 


IOL s 100hA(LVCMOS) 


0.2 


0.2 


0.2 


. Input current 
' (leakage) 


Vqc - 3.6 V, V| = 0 V to 3.9 V, 
All others « OVtoVcc 


±10 


±10 


±10 




. Output current 
10 (leakage) 


Vcc = 3.6V, V 0 = OVtoV C C. 
CASx high 


±10 


±10 


±10 


MA 


Read- or write- 
•CC1 °y c,e current 
(see Note ) 


Vqc = 3.6 V, Minimum cycle 


70 


60 


50 


mA 


'CC2 Standby current 


After 1 memory cycle, 
RAS and CASx high, 
V|H = 2V(LVTTL) 


2 


2 


2 


mA 


After 1 memory cycle, 
RAS and CASx high, 
V|H=V C C-0.2V 
(LVCMOS) 


•46460 


300 


300 


300 


MA 


'46460P 


200 


200 


200 


ma 


Average refresh 
current 

'CC3 ( RAS ° n, y or 
CBR) 

(see Note 4) 


V CC ■ 3.6 V, Minimum cycle, 

RAS cycling, 

CASx high (RAS only); 

RAS low after CASx low (CBR) 


70 


60 


50 


mA 


Average page 
. current 

CC4 / i.i x 
***** (see Notes 4 

and 5) 


VcC"3-6V, tpc- minimum, 
RAS low, CASx cycling 


60 


50 


40 


mA 


Self-refresh 
ICC6* current 

(see Note 4) 


CASx<0.2V, RAS<0.2V, 
tRAS and *CAS > 1000 ms 


200 


200 


200 


HA 


Standby current, 
'CC7 outputs enabled 
(see Note 4) 


RAS = V|H, CASx = V|| 
Data out enabled 


5 


5 


5 


mA 


Battery-backup 
'CCIO* current 

(with CBR) 


tRC = 125ns, tRASsllAS, 
Vqc - 0.2 V as V|H* 3.9 V, 
0VsV| L s0.2V, WandOE^ViH, 
Address and data stable 


300 


300 


300 


HA 



t For TMS46460P only 

NOTES: 4. Ice wax is specified with no load connected. 



4. Measured with a maximum of one address change while RAS = V||_ 

5. Measured with a maximum of one address change while CASx = V|h 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, A0-A9 


5 


PF 


Cj(RC) Input capacitance, CASx and RAS 


7 


PF 


c i(OE) Input capacitance, OE 


7 


PF 


Cj(w) Input capacitance, W 


7 


PF 


C 0 Output capacitance 


7 


PF 



NOTE 6: Vqc = 5V± .5 V for the TMS44460/P devices, Vqc = 3.3 V ± 0.3 V for the TMS46460/P devices, and the bias on pins under test is 
0V. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'4X400-60 
'4X400P-60 


'4x400-70 
'4X400P-70 


'4x400-80 
'4X400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


tcAC Access time from CASx low 


15 


18 


20 


ns 


tcRA Access time from column precharge 


35 


40 


45 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


toEA Access time from WE low 


15 


18 


20 


ns 


tci_z CASx to output in low-impedance state 


0 


0 


0 


ns 


tQFF Output disable time after CASx high (see Note 7) 


0 15 


0 18 


0 20 


ns 


*OEZ Output disable time after OE high (see Note 7) 


0 15 


0 18 


0 20 


ns 



NOTE 7: tQFF and tOEZ are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4x400-60 
*4x400P-60 


'4x400-70 
'4X400P-70 


'4x400-80 
'4X400P-80 


1 IKIIT 
UNI 1 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cyclo time, random road or write (see Note 8) 


110 


130 


150 


ns 


tRWC Cycle time, read-write (see Note 8) 


155 


181 


205 


ns 


tpc Cycle time, page-mode read or write (see Notes 8 and 9) 


40 


45 


50 


ns 


tPRWC Cycle time, page-mode read-write (see Note 8) 


85 


96 


105 


ns 


tRASP Pulse duration, RAS low, page mode (see Note 10) 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, RAS low, nonpage mode (see Note 10) 


60 10 000 


70 10 000 


80 10 000 


ns 


tRASS Pulse duration, RAS low, self refresh 


100 


100 


100 


[XS 


tQAS Pulse duration, CASx low (see Note 11) 


10 10 000 


18 10 000 


20 10 000 


ns 


top Pulse duration, CASx precharge time 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


*RPS Precharge time after self refresh using RAS 


110 


130 


150 


ns 


tyvp Pulse duration, write 


10 


10 


10 


ns 


*ASC Setup time, column address before CASx low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tps Setup time, data (see Note 1 2) 


0 


0 


0 


ns 


tRCS Setup time, W high before CASx low 


0 


0 


0 


ns 


tQvVL Setup time, W low before CASx high 


4 R 
IO 


IO 


on 


ns 


Imih OMi m lima VA/ Iaui KA^/\rA DAC hi/*!!*! 

l RWL oeiup time, vv low oeiore rvMo nign 


IO 


ift 
• o 


on 


ns 


ooiup iiiiio, vv iuw u&iuio wnOA iuw 

WCS (early-write operation only) 


0 


0 


0 


ns 


twSR Setup time, W high (CBR refresh only) 


10 


10 


10 


ns 


l CAH Hold time, column address after CASx low 


10 


15 


15 


ns 


*DHR Hold time, data after RAS low (see Note 1 3) 


50 


55 


60 


ns 


*DH Hold time, data (see Note 12) 


10 


15 


15 


ns 


*AR Hold time, column address after RAS low (see Note 1 3) 


50 


55 


60 


ns 


l CLCH Hold time, CASx low to CASx high 


5 


5 


5 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


*RCH Hold time, W high after CASx high (see Note 1 4) 


0 


0 


0 


ns 


tpRH Hold time, W high after RAS high (see Note 1 4) 


0 


0 


0 


ns 


twCH Hold time, W low after CASx low (early-write operation only) 


10 


15 


15 


ns 


twCR Hold time, W low after RAS low (see Note 1 3) 


50 


55 


60 


ns 


twHR Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


tCHS Hold time, CASx low after RAS high (self refresh) 


-50 


-50 


-50 


ns 


tQEH Hold time, OE command 


15 


18 


20 


ns 



NOTES: 8. All cycle times assume tf ■ 5 ns. 

9. To assure tpc min, tASC should be 2 tcp . 

10. In a read-write cycle, tpvVD and tRWL must De observed. 

11. In a read-write cycle, tQWD anQ< tCWL must be observed. 

1 2. Referenced to the later of CASx or W in write operations 



1 3. The minimum value is measured when tRCD is set to tRCD m,n as a reference. 

1 4. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 





1X10U"OW 

'4X460P-60 


'Av AAA . "7fl 

'4X460P-70 


' AvAAf) . An 

'4X460P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


toED Hold time, OE to data delay 


15 


18 


20 


ns 


*ROH Hold time, RAS referenced to OE 


10 


10 


10 


ns 


*AWD Dela y time > column address to W low (read-write operation only) 


55 


63 


70 

# ; 


ns 


tCHR Delay time, RAS low to CASx high (CBR refresh only) 


10 


10 


10 


ns 


tcRP Delay time, CASx high to RAS low 


0 


0 


0 


ns 


tcSH Delay time, RAS low to CASx high 


60 


70 


80 


ns 


tCSR Delay time, CASx low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tQWD Delay time, CASx low to W low (read-write operation only) 


40 


46 


50 


ns 


*RAD Delay time, RAS low to column address (see Note 1 5) 


15 30 


15 35 


15 40 


ns 


*RAL Delay time, column address to RAS high 


30 


35 


40 


ns 


*CAL Delay time, column address to CASx high 


30 


35 


40 


ns 


tRCD Delay time, RAS low to CASx low (see Note 1 5) 


20 45 


20 52 


20 60 


ns 


tRPC Delay time, RAS high to CASx low 


0 


o 


0 


ns 


tRSH Delay time, CASx low to RAS high 


15 


18 


20 


ns 


tRWD Delay time, RAS low to W low (read-write operation only) 


85 


98 


110 


ns 


*REF Refresh time interval 


'4x460 


16 


16 


16 


ms 


'4X460P 


128 


128 


128 


ms 


tf Transition time 


2 30 


2 30 


2 30 


ns 



NOTE 1 5: The maximum value is specified only to assure access time. 



PARAMETER MEASUREMENT INFORMATION 

Vth v cc 



R L = 218fl 



Output Under Test — 

C L «100pF ^ 

(a) LOAD CIRCUIT 



Output Under Test - 



C L = 100pF 



R1 



R2 



(b) ALTERNATE LOAD CIRCUIT 



DEVICE 


Vcc(V) 


R1 (Q) 


R2(Q) 


VTH(V) 


RlW 


46460/P 


3.3 


1178 


868 


1.4 


500 


44460/P 


5 


828 


295 


1.31 


218 



Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 

-tRC" 



RAS 



CAS1 



CAS2 



CAS3 



CAS4 




*ASR - 



"> J^-tCAS-»[ / 



i ! w- 



►r *CLCH ( see Note A) 



inl r 



I 



tRAD 



I tCLCH "f* 

i—|tcsH- 
I l« 



-*f-tCLCH 



\ — V H 



! *ASC " 



A0-A9 



W 



DQ1-DQ4 



X 



4 



Row 

"T5h 




l l 
i l I 

Hi 



■ tRSH ' 



- tCAL - 



IT 



- tRAL - 



■tcp- 



tCRP 



Column 



vwvvJw 

> Don't Care < 

AAAA^AA, 



tAR 




I 



tRCS 



j^htcAH 



I 



*f- tRRH 



vwvw 

Don't Care 

AAAAAAi 



»RCH 



I* - *CAC — *| See Note B 

f-tAA- J 



•vywwwvyy 

V> Don't Care (V> 

XAAAAAAAAA 



tOFF 

I 




tQEZ 



OE 



NOTES: A. To hold the address latc hed by the first CASx going low, the parameter tcLCH must De met - 

B. tcAC ,s measured from CASx to its corresponding DQx. 

C. Outpu t can go from high-impedance to an invalid-data state prior to the specified access time. 

D. CASx order is arbitrary. 



Figure 2. Read-Cycle Timing (see Note D) 
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RAS 



CAS1 



CAS2 



CAS3 



> 
D 

% 

Z 

o 
m 

z 

■n 
O 
30 
2 

o 
z 



CAS4 



*ASR 



"DC 



w 



PARAMETER MEASUREMENT INFORMATION 

, . . — — twc- — ■ : — ! 



■ tRAS ' 



— \ 



' *RCD ' 



-*h tRp 



I I 



- tRAD - 



*RAH 



tASC— 



Row 




Col 

"T 



*wcs H«- 
-j — ^ I 



tAR 



! 



*WCR 

I 



DQ1-DQ4 



OE 



WWWW 

iAAAAAA^Ai 




i ! 



»t- »CLCH(»»» NotoA) 



n y 



■ tRSH " 



i ! 



*CAL- 



-tCRP" 



•tcp- 



*RAL 



wwww 



>}-tCAH 



*WCH 



tcWL- 



tRWL f 

J 



*wp- 



Vaild Data In 



i I ! 

ft- -f- — tpHR 

t DS -*i 




*DH 



WWWW 

AAAA^A%A 



wwww 

Don't Care 

AAAAAAAA< 



NOTES: A. To hol d the address latched by the first CASx going low, the parameter tcLCH must 06 met « 
B. CASx order is arbitrary. 

Figure 3. Early-Write-Cycle Timing (see Note B) 
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PARAMETER MEASUREMENT INFORMATION 




^ / 



I 




NOTES: A. To hold the address latched by the first CASx g oing low, the parameter tcLCH must De met - 

B. Refere nced to the later of either the first CASx or W in write operations. 

C. CASx order is arbitrary. 



Figure 4. Write-Cycle Timing (see Note C) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 




tRAS 



*RCD 



tRWC 




— ► 


w 


r |«-tRp-*i 

w 


* 


t CRp — -J 




A0-A9 



DQ3-DQ4 



I 
i 

tRAC 



tAA H I I 

i+- tCAC See N <>te B I 



OE 



DQ1-DQ2 



f« toEA— ¥ 

X— 



*OEZ 



A 



tOED 



VWWW 
Don't Care 

AAAAAAA, 



Valid Out 



WWW 
Don't Care 

AAAAAAi 



NOTES: A. To hold the address latc hed by the first CASx going low, the parameter tcLCH must 06 met. 

B. tQAC ' s measured from CASx to its corresponding DQx. 

C. CASx order is arbitrary. 

Figure 5. Read-Write/Read-Modify-Write-Cycle Timing (see Note C) 
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PARAMETER MEASUREMENT INFORMATION 



tRP- 



RAS 



CAS1 



CAS2 



CAS3 



CAS4 



V 



" «RASP " 



N-«RCD->| 

I 



1« *l 



tCRP 



\ r 



\ 

I 



1m / 



|« ^-t^SR 



tCSH 

I 



tcLCH Note A) 



-tcp-frj 



tpc- 



tRSH 

I I 



T\ k-tcAs— y \l J/T 



tRAH 



tAR 

- i i 1 
i^r tASC 

J I l± i+^Mcah 



I i 



tCAL" 



tRAL 



A0-A9 Row ^^Column^^^n^CaVe^^^ Column 



*RCS f 1 



w WW 



tRAD 



vwwvlw 

Don't Care 

AAAAA^A 



H 



DQ1 



DQ2 



DQ3 



DQ4 



OE 



See Note B | 
tCAC "-^l 
— tAA »j 

*RAC 



1 * H tRRH 



tRCH H 

1H 



tAA 




Valid 
Out 



*-*f-toFF 



tCLzH4- 
(see Note D) 



*CPA- 
(see Note C) 



f- 



tQEZ 



Valid 
Out 




Valid 
Out 



k)EA 




Valid 
Out 



f 



NOTES: A. To hold the address latc hed by the first CASx going low, the parameter tcLCH must 08 met - 

B. tQAC is measured from CASx to its corresponding DQx. 

C. Access time is tcpA ° r *AA dependent. 

D. Output can go from high-impedance to an invalid-data state prior to the specified access time. 

E. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 
specifi cations are not violated. 

F. CASx order is arbitrary. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing (see Notes E and F) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS1 



CAS2 



CAS3 



CAS4 



> 

o 

$ 

z 
o 
m 



-n 
O 

35 
2 

5 



A0-A9 



W 
DQ1 

DQ2 
DQ3 
DQ4 

NOTES: 




M — to 



tRCD 



tASR 



f«CSH- 



-tli *CLCH (*•• Note A) 

x r* H-^ 

js- ' 



tAR 



| H -+ tpc 

— »l k— t C p — | 

tcAs- — \[ 

— tCAH T 



A 



S 



tASC ->l |4f 
tRAH -»jf0— I | j 

Row Column 



" tCAL " 



tCRP -W 



tRAD- 



rr 



tRAL 



tWP 



f 1— *WCR 



•tcWL- 



vvvvvvvv 

aaaaaaaa! 

I 



Column 




-tcwL- 



wvww 

Don't Care 

AA|\AAAA, 



I 



Don't Care 

AAAAAAAi 



J* — ¥ *wcs 



"H — *WCH 



" tRWL * 



tDHRH W 



I 

vwvwwvv I 



wwvw 



Valid In 



Valid In ^ - 



N *h" *DH Note B) 



Valid In ^ - 



< 



Not Written 



> 



< 



Valid In 



> 



Valid 



U- 



Valid In ^ » 
Valid In ^ - 



*OED 



A. To hold the address latched by the first CASx g oing low, the parameter tcLCH must met - 

B. Refere nced to the later of either the first CASx or W in write operations. 

C. CASx order is arbitrary. 

D. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modify-write timing 
specifications are not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

" tRASP " 



tRP ~>\ 



DQ1-DQ4 




A0-A9 



5 

DC 

O 

Li. 



LU 
O 

I 

Q 
< 



NOTES: A. To hold the address latc hed by the first CASx going low, the parameter tcLCH must 09 met - 

B. tpAC ' s measured from CASx to its corresponding DQx. 

C. CASx order is arbitrary. 

D. A read or write cycle can be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications 
are not violated. 



Figure 8. Enhanced-Page-Mode Read-Modify-Write Cycle Timing 
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> 

l 

Z 

o 
m 



■n 
O 
x 

o 
z 



RAS 



CASx 



A0-A9 



W 



DQ1-DQ4 



OE 



PARAMETER MEASUREMENT INFORMATION 

j* tR C — 

I L J 



Don't Cars 

A A A A AAA 



uwww 

Don't Care 

/WWW\ 



tCRP-+* »i 



\f*- tRAS -*'/ \ 

isj, yiH-, RP ->j\ 

T! " -»! i^-«rpc 




J I 
I" 



»ASR 




^ |« — ►(-•rah 



ROW 



Don't Care 

aaaaaaa. 



w 

ML 



Row 



www 

Don't Care 

AAAAAA, 



Hl-Z 



WWW 1 

Don't Care 

AAAAAA 



Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



r« t RC ►! 




DQ1 - DQ4 — — r Hl-Z 

Figure 11. Self-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



> 
D 

% 

Z 

o 
m 



\4 Memory Cycle ^ 



H Refresh Cycle - 



- Refresh Cycle - 



l> 

I I 
J I 



RAS 



CASx 



-*f- *RP 



tRAS 



-*4— t RP 



H-f-tRAS 



I I I I H 1 | TlAO I I 

I I I I I ' I „ I 



*CHR 



< * 



tAR-hk 



i_L 



■«CASJ- 



, , -W k+tCAH 
tRAH-f*l|4i I I | | 

-H KH-t ASR l | | 



I I 
I I 



I I 



I 




A0-A9 >QC Row X 001 



Don't Care 

./\g/\p-/\/\/\. 




tRRH-fW | twHR I | 



o 

I|j DQ1-DQ4 



OE 



Hr-tRAC-ri 

H | ►! tAA 
|^— t C AC 
tCLZ-^!^ 




— tWHR 



twSR 




Valid Data 



H ►r-tQEA 



k)EZ 



Figure 12. Hidden-Refresh-Cycle (Read) Timing 
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PARAMETER MEASUREMENT INFORMATION 

\4 Refresh Cycle -+\ 



- Memory Cycle - 



I 



- Refresh Cycle • 



-tRp- 



-tRP->| 



RAS 



CASx 




k-tRAS->! 



I k-tRAS-H 



thsl 



I tCHR U 

— ! n *j i 



l-H r*fft A sc 

tRAH -f^l 1 I I 
I W >f *AR 



tCAH 



A0-A9 



twcs-4*-j — 

1 I 

«WCR-+« r 



W 



twp- 





W) Don't Care <$( 




] 1 j M-^f— twHR 
1 | -H U~twSR 

III ! 







I j*i ><-twCH 
I i i4-t DH ->| 

N ; *DHR H 

tDS-H H | 



^ — <TO 



DQ1-DQ4 



5c 

O 



LU 
O 




Figure 13. Hidden-Refresh-Cycle (Write) Timing 
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device symbolization (TMS44460 Illustrated) 



Tl 



D 



TMS44460 DJ 



W B Y M LLLL P 



Speed (-60, -70, -80) 

■ Low-Power/Self-Refresh Designator (Blank or P) 

- Package Code 

- Asembly Site Code 

- Lot Traceablllty Code 

- Month Code 
Year Code 

Die Revision Code 
Wafer Fab Code 
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Organization ... 4194304 x 1 

Single 5 V Power Supply, for TMS44100/P 

(±10% Tolerance) 

Single 3.3 V Power Supply, for TMS46100/P 
(±10% Tolerance) 

Low Power Dissipation (TMS46100P only) 

- 200-mA CMOS Standby 

- 200-mA Self Refresh 

- 300-uA Extended-Refresh Battery 
Backup 

Performance Ranges: 

ACCESS ACCESS ACCESS READ 



DGA PACKAGE 
(TOP VIEW) 



DJ PACKAGE 
(TOP VIEW) 





TIME 


TIME 


TIME 


OR WRITE 




(tRAC) 


(tCAC) 


(tAA) 


CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'4X100/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


'4X100/P-70 


70 ns 


18 ns 


35 ns 


130 ns 


'4X100/P-80 


80 ns 


20 ns 


40 ns 


150 ns 




rk I — 

DL 


1 


v-^ 26 


vv i 


2 


CO 


RASC 


3 


24 


NCC 


4 


23 


A10C 


5 


22 


A0C 


9 


18 


A1C 


10 


17 


A2C 


11 


16 


A3C 


12 


15 


v C cC 


13 


14 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS 


Column-Address Strobe 


D 


Data In 


NC 


No Connection 


Q 


Data Out 


RAS 


Row-Address Strobe 


W 


Write Enable 


v cc 


5-V or 3.3-V Supply 


v ss 


Ground 



• Enhanced Page-Mode Operation for Faster 
Memory Access 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 

- 1024-Cycle Refresh in 16 ms 

- 128 ms (Max) for Low-Power, 
Self-Refresh Version (TMS4x1 OOP) 

• 3-State Unlatched Output 

• Texas Instruments EPIC™ Process 

• Operating Free-Air Temperature Range 

0°C to 70°C 
description 

The TMS4x100 series are high-speed, 
4194304-bit dynamic random-access memories, 
organized as 4 1 94304 words of one bit each. The 
TMS4x100P series are high-speed, low-power, 
self-refresh with extended-refresh, 4194304-bit 
dynamic random-access memories, organized as 
4194304 words of one bit each. Both series 
employ state-of-the-art EPIC™ (Enhanced 
Performance Implanted CMOS) technology for 
high performance, reliability, and low voltage. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4x100 and TMS4x100P are offered in a 20-/26*lead plastic surface-mount small-outline (TSOP) 
package (DGA suffix) and a 300-mil 20-/26-iead plastic surface-mount SO J package (D J suffix) . Both packages 
are characterized for operation from 0°C to 70°C. 



DEVICE 


POWER 
SUPPLY 


SELF-REFRESH 
BATTERY 
BACKUP 


REFRESH 
CYCLES 


TMS44100 


5V 




1024 in 16 ms 


TMS44100P 


5V 


YES 


1024 in 128 ms 


TMS46100 


3.3 V 




1024 in 16 ms 


TMS46100P 


3.3 V 


YES 


1024 in 128 ms 



EPIC is a trademark of Texas Instruments incorporated. 



advance information concerns new products in the sampling or — Copyright © 1 995, Texas Instruments Incorporated 



ADVANCE INFORMATION concerns new products In the sampling, or 
prep reduction phase of development. Characteristic dsta end other 
specifications ere subject to change without notice. 
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logic symbolt 



ao- 
ai - 

A2- 
A3- 
A4" 
A5- 
A6" 
A7" 
A8" 
A9- 
A10- 



10 



11 



12 



14 



15 



16 



17 



18 



22 



RAS- 



CAS 

w- 

D- 



24 



RAM4096Kx1 
30D11/21D0 



> A 



4194 303 



31D21/21D10 ) 

> C30 [ROW] 
G33 [REFRESH ROW] 
- 34 [PWR DWN] 
11 > C31 [COL] 
G34 



33,31 D 



> 33C32 
34 EN 



A, 32D 



AV 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

functional block diagram 

RAS CAS W 

.tit, 

I Timing and Control I 



AO- 
A1 - 



A10- 



Column- 
Address 

Buffers 



Row- 
Address 
Buffers 



16S 



10 



Column Decode 


Sense Amplifiers 


128K Array 




128K Array 


128K Array 


R 

0 


128K Array 


• 


w 


• 


• 




• 


• 


D 


• 




e 






c 






0 






d 






e 




128K Array 




128K Array 



10 



16 



25 



16 



>1« 



I/O 
Buffers 
1 of 16 
Selection 



3 



Data- 
in 

Data- 
Out 
Reg. 
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operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multip lex is eliminated . The 
maximum number of columns that can be accessed is determined by the maximum RAS low time and the CAS 
page cycle time used. 

Unlike conve ntional page-mode DRAMs, the column-address buffers in t his de vice are activated on the f alling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature allows the TMS4x100 to operate at a higher data bandwidth than 
conve ntion al page-mode parts because data retrieval begins as soon as the column address is valid rather than 
when CAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be prese nted immediately after row-address hold time has been satisfied, usu ally w ell in 
advance of the falling edge of CAS. In this case, data is obtained after tcAC max (access time from CAS low), 
if t^A max (acce ss tim e from column address) has been satisfied. If column addresses for the next cycle are 
valid at the time CAS goes high, access time f or the next cycle is determined by the later occurrence of tcAC 
or tcPA (access time from rising edge of CAS) . 

address (AO- A10) 

Twenty-two address bits are required to decode 1 of 4194304 storage cell locations. Eieve n row -address bits 
are set up on inputs AO through A10 and latched onto the chip by the row-address strobe (RAS). The eleven 
colum n-address bits are set up on AO through A10 and latched onto the c hip by the colum n-address strobe 
(CAS). All addresses must be stable on or before the falling edges of RAS a nd CAS. RAS is similar to a chip 
enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select, activating 
the output buffer, as well as latching the address bits into the column-address buffer. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on W selects the read mode 
and a logic low selects the write mode. W can be driven from standard TTL circuits (TMS44100/P) or 
low-voltage TTL circuits (TMS461 00/ P) with out a pullup resistor. The data input is disabled when the read mode 
is selected. When W goes low prior to CAS (early write), data out remains in the high-impedance state for the 
entire cycle, permitting common I/O operation. 

data in (D) 

Data is written during a write or read-write cycle. Depending on the mode of operation, the f alling edge of CAS 
or W strobes d ata int o the on-chip data latch. In an early-write cycle, W is brought low prior to CAS and the data 
is str obed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-write cycle, 
CAS is already low and the data is strobed in by W with setup and hold times referenced to this signal. 

data out (Q) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS is brought 
low. In a rea d cycl e, the output becomes valid after the access time interval tcAC (which begins with the negative 
transition of CAS) as long as tRA C and *AA ar © satis fied. The output becomes valid after the access time has 
elapsed and remains valid while CAS is low; CAS going high returns it to the high-impedance state. In a 
delayed-write or read-write cycle, the output follows the sequence for the read cycle. 
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refresh 

A refresh operation must be performed at least once every 1 6 ms (1 28 ms for TMS4x1 OOP) to retain data. This 
can be achieved by strobing each o f the 1024 rows (A0-A9). A normal read or w rite cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power a s the output buffer remains in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. Hidden refresh can be performed while maintai ning valid data at the 
output. This is accomplished by h olding CAS at V|l after a read operation and cycling RAS after a specified 
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden-refresh 
cycle. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see para meter tcsR) and holding it low after RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 300-mA (TMS46100P) or 500-mA 
(TMS44100P) refresh current is available o n the low-power devices. Data integrity is maintained using CBR 
refresh with a period of 1 25 pis while holding RAS low for less than 1 us. To minimize current consumption, all 
input levels need to be at CMOS levels (V||_ * 0.2 V, Vjh * V<x - 0.2 V). 

self refresh 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. CAS and RAS are both held low 
for a minimum of 1 00 ps. The chip is then refreshed by an on-board oscillator. No external addr ess is req uired 
because the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS and CAS 
are brought high to satisfy Ichs- Upon exiting the self-refresh mode, a burst refresh (refresh a full set of row 
addresses) must be executed before continuing with normal operation. This ensures the DRAM is fully 
refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles 
i s req uired after full Vqc level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 

test mode 

An industry-standard design-for-test (DFT) mode is incorporated in the TMS4x100 and TMS4x100P. A CBR 
cycle with W low (WCBR) cycle is used to enter the test mode. In the test mode, data is written into and read 
from eight section^ of the array in parallel. Data is compared upon reading and if all bits are equal, the data-out 
terminal goes high. If any one bit is different, the data-out terminal goes low. Any combination of read, write, 
read-write, or page-mode cycles can be used in the test mode. The test-mode function reduces test times by 
enabling the 4-Mbit DRAM to be tested as if i t were a 51 2K DRAM, where row address 1 0, column address 10, 
and column address 0 are not used. A RAS-only or CBR refresh cycle is used to exit the DFT mode. 
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test mode (continued) 



RAS 



w 




CAS 



t The states of W, data in, and address are defined by the type of cycle used during test mode. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, V cc : TMS441 00, TMS441 OOP - 1 V to 7 V 

TMS46100.TMS46100P -0.5 V to 4.6 V 

Voltage range on any pin (see Note 1): TMS44100, TMS44100P -1Vto7V 

TMS46100,TMS46100P -0.5 V to 4.6 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, TX 0°C to 70°C 

Storage temperature range, T stg - 55°C to 1 50°C 

* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V53. 



recommended operating conditions 





TMS44100/P 


TMS46100/P 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Vcc Supply voltage 


4.5 5 5.5 


3 3.3 3.6 


V 


V|h High-level input voltage 


2.4 6.5 


2 V C C + 0.3 


V 


V|[_ Low-level input voltage (see Note 2) 


-1 0.8 


-0.3 0.8 


V 


Ta. Operating free-air temperature 


0 70 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST 
CONDITIONS 


'44100-60 
'441 OOP -60 


•44100-70 
'441 OOP -70 


'44100-80 
'441 OOP -80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


lOH = - 5 mA 


2.4 


u 


2.4 


V 


Vol Low-level output voltage 


lOL * 4.2 mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


vcc = 5.5V, 

V| = 0Vto6.5V, 

All others = 0VtoVcc 


±10 


±10 


±10 


MA 


lo Output current (leakage) 


Vcc = 5.5 V, Vo = 0 V to Vqc. 
CAShigh 


±10 


± 10 


±10 


mA 


. Read- or write-cycle current 
'CC1 ( See Note 3) 


Vcc *5.5Vi Minimum cycle 


105 


90 


80 


mA 


ICC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


2 


2 


2 


mA 


After 1 memory cycle, 
RAS and CAS high, 
VlH* V C C -0.2 V 
(CMOS) 


'44100 


1 


1 


1 


mA 


'441 OOP 


500 


500 


500 


HA 


Average refresh current 

l(X3 (Ras on| y or CBR ) 
(see Note 4) 


Vcc = 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


105 


90 


80 


mA 


. Average page current 
CC4 (see Notes 3 and 5) 


Vcc = 5.5 V, tpc ■ minimum, 
RAS low, CAS cycling 


90 


80 


70 


mA 


. * Self-refresh current 
' CC6 (see Note 3) 


CASs0.2V, RAS<0.2V, 
tRAS and *CAS > 1000 ms 


500 


500 


500 


HA 


. Standby current, outputs 
CC7 enabled (see Note 3) 


RAS = V| H , CAS = V| L , 
Data out = enabled 


5 


5 


5 


mA 


. _ Battery-backup current 
,CC1 ° (with CBR) 


tRC = 125ns, tRAS ^ 1ms, 
Vcc " 0.2 V*V|H* 6.5 V, 
0V*V|L*0.2V, 
WandOE = V|H, 
Address and data stable 


500 


500 


500 


HA 



t For TMS441 OOP only 

NOTES: 3. Ice max is specified with no load connected. 



4. Measured with a maximum of one address change while RAS = V||_ 

5. Measured with a maximum of one address change while CAS = V|h 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST 
CONDITIONS 


'46100-60 
'461 OOP -60 


'46100-70 
'461 OOP -70 


'46100-80 
'461 OOP -80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vnu High-level 
un output voltage 


IOH=-2mA(LVTTL) 


2.4 


2.4 


2.4 


V 


ioh s -ioomA(lvcmos) 


Vcc-0.2 


Vcc-0.2 


Vcc-0.2 


y. Low-level 
OL output voltage 




0.4 


0.4 


0.4 


V 


IOL=100mA(LVCMOS) 


0.2 


0.2 


0.2 


. Input current 
' (leakage) 


V| = ovto3.9V, Vcc^s.ev, 

All others = 0VtoVcc 


± 10 


± 10 


± 10 


uA 


. Output current 
'° (leakage) 


Vo = ovtoVcc. Vcc^s.ev. 

CAS high 


± 10 


± 10 


± 10 


jiA 


Read- or 
. wrlte-cycle 
CC1 current 

(see Note 3) 


Minimum cycle, Vcc - 3 -6 V 


70 


60 


50 


mA 


Standby 
ICC2 current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.0V(LVTTL) 


2 


2 


2 


mA 


After 1 memory cycle, 
RAS and CAS high, 
V|H = VCC -0.2 V 
(LVCMOS) 


'46100 


300 


300 


300 


jiA 


'461 OOP 


200 


200 


200 


HA 


Average 
refresh current 
ICC3 (RAS only or 
CBR) 

(see Note 4) 


Minimum cycle, Vcc = 3 - 6 v « 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


70 


60 


50 


mA 


Average page 
current 
004 (see Notes 3 
and 5) 


tpc = minimum, Vcc = 36 v » 
RAS low, CAS cycling 


60 


50 


40 


mA 


Self-refresh 
'CC6 T current 

(see Note 3) 


CASs0.2V, RAS < 0.2 V, 
tRAS and tCAS > 1000 ms 


200 


200 


200 


yA 


Standby 
current, 
•CC7 outputs 
enabled 
(see Note 3) 


RAS = V| H , CAS = V| Ll 
Data out = enabled 


5 


* 

5 


5 


mA 


Battery-backup 
ICC10 T current 

(with CBR) 


tRC = 125jAS, tRAS=s1 ms, 
Vcc ~ 0.2 V*V|H* 3.9V, 
0VsV|ls0.2V, 
Wand OE*V|H, 
Address and data stable 


300 


300 


300 


HA 



t For TMS461 OOP only 

NOTES: 3. Ice max is specified with no load connected. 

4. Measured with a maximum of one address change while RAS = V||_ 

5. Measured with a maximum of one address change while CAS = V|h 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, AO- A10 


5 


PF 


C I(RC) Input capacitance, CAS and RAS 


7 


PF 


Cj(w) Input capacitance, W 


7 


PF 


C 0 Output capacitance 


7 


PF 


NOTE 6: Vcc - 5 V ± .5 V for the TMS441 00 devices, Vcc = 3.3 V ± 0.3 V for the TMS461 00 devices, and the bis 


is on pins under test is 0 V. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'4x100-60 
'4x1 OOP -60 


'4x100-70 
'4X100P-70 


'4x100-80 
'4x1 OOP -80 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




tAA Access time from column address 


30 


35 


40 


ns 


tcAC Access time from CAS low 


15 


18 


20 


ns 


tQPA Access time from column precharge 


35 


40 


45 


ns 


*RAC Access time from RAS low 


60 


70 


80 


ns 


tCLZ CAS to output in low impedance 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 7) 


0 15 


0 18 


0 20 


ns 



NOTE 7: tQFF is specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4x100-60 
'4x1 OOP -60 


'4x100-70 
'4x1 OOP -70 


'4x100-80 
'4x1 OOP -80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 8) 


110 


130 


150 


ns 


tRWC Cycle time, read-write (see Note 8) 


130 


153 


175 


ns 


tpc Cycle time, page-mode read or write (see Notes 8 and 9) 


40 


45 


50 


ns 


tPRWC Cycle time, page-mode read-write (see Note 8) 


60 


68 


75 


ns 


tRASP Pu,se duration, RAS low, page mode (see Note 10) 


60 100000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, RAS low, nonpage mode (see Note 1 0) 


60 10 000 


70 10 000 


80 10 000 


ns 


tRASS Pu,se duration, RAS low, self refresh 


100 


100 


100 


lis 


tcAS p ulse duration, CAS low, (see Note 1 1 ) 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


*RPS Precharge time after self refresh using RAS 


140 


130 


150 


ns 


t\/vp Pulse duration, write 


10 


10 


10 


ns 


*ASC Setu P time < column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


*DS Setup time, data (see Note 12) 


0 


0 


0 


ns 


tRCS Setu P time > W h '9 h before CAS low 


0 


0 


0 


ns 


tcwL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setu P time « W low before RAS high 


15 


18 


20 


ns 


tyycs Setup time, W low before CAS low (early-write operation only) 


0 


0 


0 


ns 


twSR Setup time, W high (CBR refresh only) 


10 


10 


10 


ns 


twTS Setup time, W low (test mode only) 


10 


10 


10 


ns 


tCAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tpHR Hold time, data after RAS low (see Note 1 3) 


50 


55 


60 


ns 


tpH Hold time, data (see Note 12) 


10 


15 


15 


ns 


tAR Hold time, column address after RAS low (see Note 1 3) 


50 


55 


60 


ns 


*RAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 1 4) 


0 


0 


0 


ns 


t RRH Hold time, W high after RAS high (see Note 1 4) 


0 


0 


0 


ns 


twCH Hold time, W low after CAS low (early-write operation only) 


10 


15 


15 


ns 


twCR Hold time, W low after RAS low (see Note 13) 


50 


55 


60 


ns 


twHR Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


twjH Hold time, W low (test mode only) 


10 


10 


10 


ns 


Delay time, column address to W low 
AWD (read-write operation only) 


30 


35 


40 


ns 


*CHR Dela Y t" me . RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tcRp Delay time, CAS high to RAS low 


0 


0 


0 


ns 


*CSH Delay time, RAS low to CAS high 


60 


70 


80 


ns 



NOTES: 8. All cycle times assume tj ■ 5 ns. 

9. To assure tpc min, tASC should be as 5 ns. 

1 0. In a read-write cycle, tRWD and tRWL must be observed. 

11. In a read-write cycle, tcyy p a "d tcWL mus * 09 observed. 

1 2. Referenced to the later of CAS or W in write operations 



1 3. The minimum value is measured when tRCD is set to tRCD min &s a reference. 

1 4. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'4x100-60 
*4x100P-60 


•4x100-70 
'4X100P-70 


'4x100-80 
'4x1 OOP -80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




1 — 1 — 

*CSR 


Uxsiay timo, UnO IUW i\j nnO IUW ^Dn ioIiooiI UNly^ 


5 


5 


5 


ns 


*CHS 


HnlH timo f^AQ Inu/ altar RAQ hinh cetlf rofrach 

nuiu lime, uno low ansi itmo niyn, sen reireon 


-50 


-50 


-50 


ns 


*CWD 


L/oicty iime, w/ao iuw io vv iuw y ©au-wnie operciiiun uniyj 


15 


18 


20 


ns 


tRAD 


Dalai/ tima RA.Q Inui trt rv»li imn aHHrace /eaa Nlrtta i f\\ 
L/OlOy IIITIO, ilAAO IUW IU WUIUl MM CtUUI OOO \300 INUlO 1 Of 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


L/OICiy III HO) V/UIUIIIII QUUID99 WJ nrtW uiyii 


30 


35 


40 




tCAL 


Delay time, column address to CAS high 


30 


35 


40 




*RCD 


Delay time, RAS low to CAS low (see Note 1 5) 


20 


45 


20 


52 


20 


60 




tppQ 


Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tRWD 


Delay time, RAS low to W low (read-write operation only) 


60 


70 


80 


ns 


tTAA 


Access time from address (test mode) 


35 


40 


45 


ns 


tTCPA 


Access time from column precharge (test mode) 


40 


45 


50 


ns 


tTRAC 


Access time from RAS (test mode) 


65 


75 


85 


ns 


*REF 


Refresh time interval 


'4x100 


16 


16 


16 


ms 


'4x1 OOP 


128 


128 


128 


ms 


tT 


Transition time 


2 


50 


2 


50 


2 


50 


ns 



NOTE 15: The maximum value is specified only to assure access time. 



PARAMETER MEASUREMENT INFORMATION 

1.31V Vcc = 5V 

> R L = 218Q | R1 =828Q 



Output Under Test * * 

CL = 100pF 



Output Under Test 



C L = 100pF ^ ^ R2.295Q 



(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

Figure 1 . Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 

1.4V Vcc = 3.3V 

> R L = 5O0Q £ R1 =1178Q 



Output Under Test ' 



C L = 100 pF 



Output Under Test 



CL = 100pF 



llJ 



R2 = 868 ft 



(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

Figure 2. Low-Voltage Load Circuits for Timing Parameters 



RAS 



CAS 



A0-A10 



tRC" 



K 



- tRAS ■ 



-1 



- tRCD " 



- tcSH ■ 

— H 



■ *RSH " 



*CAS- 



M i 



•asr 



if 



->|-t RAD I i 

H *J-tASC 



I I i 



tRAH 

I 



tRAL " 

-h4-tCAL- 



Row 




ItRcs-t* 



Column 

=5T 



IT 



tRP 
tCRP - 



-tcp- 



I 



\ , *AR " 



I 



W <X Don't Care >Q$A 

I 



Don't Care 




I 



tCAH 



tRRH 

I 

-H-tRCH 




\AAAAAA/ 
Don't Care 

/VVVYVVY 



■ tCAC - 



-tAA" 



+1 



■ *OFF " 



• Hl-Z - 



See Note A 



Valid Data Out 



> 



tCLZ-j*- 
- tRAC — 



I 



NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 3. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



> 
D 

% 

Z 

o 
m 



Tl 

O 

30 

o 
z 



RAS 



CAS 



A0-A10 




■Hl-Z- 



Figure 4. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




Figure 5. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 



W 




NOTE A: Output can go from the high-impedance state to ah invalid-data state prior to the specified access time. 

Figure 6. Read-YVrite-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

tRR « j « ► ! 



N tRASP H 




NOTES: A. Access time is tcpA °r*AA dependent. 

B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 7. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



tRP 



RAS 



CAS 



A0-A10 



■ tRASP ' 



tRCD 



-tCSH- 



-tpc- 



+1 



tCRP" 



r^tAsc^e 



k-tCAS-*l | 

ft K 




• Hi-Z - 



NOTES: A. Referenced to CAS or W, whichever occurs last 

B, A read cycle or a read-write cycle can be intermixed with write cycles as long as read and read-write timing specifications are not 
violated. 



Figure 8. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 



W 




NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated. 

Figure 9. Enhanced-Page-Mode Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



> 

z 
o 
m 



RAS 



CAS 



A0-A10 



W 



See Note A 



Don't Care 

iAAAAAAA, 



■*RC- 



• tRAS " 



tCRP 



l T — tRP— H v 

■M — H l I L . 



J I 



tRPC 



Don't Care KXXXX)® Row )$S Don't Care <W 

AAAAAAAAAAAAAAAAAAAAAAAAAA/\ -JT VS A A A AAA A rV \ 



' WWW 
Don't Care 

AAAAAAi 



WWW 1 
Don't Care 

AAAAAAi 



Row 



NOTE A: A10 is a don't care. 



5 



Figure 10. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

. ; tRc 



"tRp- 



RAS 



i 



-»RAS- 



tRPC" 



CAS 



\ 



-tcSR- 



tCHR" 



tWSR— +*~ 



>htWHR 



W 



y 



vwww 

Don't Care 



A0-A10 



\AAAAAA/ 

Don't Care 

AAAAAAAi 



■ Hl-Z - 



Figure 11. Automatic CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



■ Mamory Cycl* to 

* 



■ Refresh Cycle - 



tRAS 



Refresh Cycle - 
tRP 



I ] III I ! *CHR -fj* N 

=»^tnsp — ri -ri .. i ! 'IT" 



I 

!! 

*Ar44«- 



■t-H i 



-W k-+tCAH 



I I 

I r*| ]*H-»asc 

h+f-tASR I I 



A0-A10 



W 




Row 



Col 



wJwIaaa/ 
Don't Care 
AAA. 



tRRH ~ 
*4- tRCS 



tWHR 



-f*| |4-tWHR 
*WSR 




I* — twHR r- 



St 



j -W ^-twsR -»| U-twSR „-H U-tw'sR j 




VAAAAAAA/ 

Don't Care 



K" tRAC ->l 

l « | » j tAA 

->i k-tcAC 




4t 



Valid Data 



Figure 13. Hidden-Refresh-Cycle (Read) Timing 
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PARAMETER MEASUREMENT INFORMATION 

N— Refresh Cycle M 



- Memory Cycle 



- Refresh Cycle - 



I I I M 
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|4-tRAS>| 
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!j 
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Figure 14. Hidden-Refresh-Cycle (Write) Timing 
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PARAMETER MEASUREMENT INFORMATION 

t RC 



-tRp- 



RAS 



tL 



■ *ras ■ 
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tRPC- 



I U-tGSR— W ! 

_r*T ! K 



tCHR 




vwww 
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A \( V V Y V V V 
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Figure 15. Test-Mode Entry Cycle 
device symbolization (TMS44100 illustrated) 



TMS44100 DJ 



I 



W B Y M LLL P 



Speed (-60, -70, -80) 

Low-Power/Self-Refresh Designator (blank or P) 
Package Code 

■ Asembly Site Code 

- Lot Traceabillty Code 

- Month Code 



DC 
O 



LU 
O 

z 

$ 

Q 
< 



• Year Code 
Die Revision Code 
Wafer Fab Code 
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Organization ... 1 048576 x 4 

Single 5-V Power Supply for TMS44400/P 
(±10% Tolerance) 

Single 3.3-V Power Supply for TMS46400/P 
(±10% Tolerance) 

Low Power Dissipation (TMS46400P only) 

- 200-mA CMOS Standby 

- 200-pA Self Refresh 

- 300-mA Extended-Refresh Battery 
Backup 

Performance Ranges: 

ACCESS ACCESS ACCESS READ 

TIME TIME TIME OR WRITE 

(tRAC) (tCAC) (* AA) CYCLE 

(MAX) (MAX) (MAX) (MIN) 

'4x400/P-60 60 ns 15 ns 30 ns 110 ns 

'4x400/P-70 70 ns 18 ns 35 ns 130 ns 

'4x400/P-80 80 ns 20 ns 40 ns 150 ns 

Enhanced Page-Mode Operation for Faster 
Memory Access 

CAS-Before-RAS (CBR) Refresh 

Long Refresh Period 
1 024-Cycle Refresh in 1 6 ms 
128 ms (Max) for Low-Power, 
Self-Refresh Version (TMS4x400P) 

3-State Unlatched Output 
Texas Instruments EPIC™ CMOS Process 
Operating Free-Air Temperature Range 
0°C to 70°C 



DGA PACKAGE 
(TOP VIEW) 



DJ PACKAGE 
(TOP VIEW) 




PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ4 


Data In 


OE 


Output Enable 


RAS 


Row-Address Strobe 


vcc 


5-V or 3.3-V Supply 


vss 


Ground 


W 


Write Enable 



description 



AVAILABLE OPTIONS 



The TMS4x400 series is a set of high-speed, 
4194304-bit dynamic random-access memories 
(DRAMs), organized as 1 048576 words of four 
bits each. The TMS4x400P series is a set of 
high-speed, low-power, self-refresh with 
extended-refresh, 4194304-bit DRAMs, 
organized as 1 048576 words of four bits each. 
Both series employ state-of-the-art enhanced 
performance implanted CMOS (EPIC™) 
technology for high performance, reliability, and 
low power. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4x400 and TMS4x400P are offered in a 20/26-lead plastic small-outline (TSOP) package ( DGA suffix) 
and a 300-mil 20/26-lead plastic surface-mount SO J package (DJ suffix). Both packages are characterized for 
operation from 0°C to 70°C. 



DEVICE 


POWER 
SUPPLY 


SELF-REFRESH 
BATTERY 
BACKUP 


REFRESH 
CYCLES 


TMS44400 


5V 




1024 In 16 ms 


TMS44400P 


5V 


Yes 


1024 in 128 ms 


TMS46400 


3.3 V 




1024 in 16 ms 


TMS46400P 


3.3 V 


Yes 


1024 in 128 ms 



EPIC is a trademark of Texas Instruments Incorporated. 



advance information eoncsms nsw product* in ths sampling or — Copyright © 1995, Texas Instruments Incorporated 
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logic symbolt 



AO 
At 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 



RAS 



CAS 



W 
61 

DQ1 

DQ2 
DQ3 
DQ4 



10 



11 



12 



14 



15 



16 



17 



18 



23 



3 



22 



24 



25 



DJ Package 



RAM1024Kx4 
20D10/21D0 



20D19/21D9 
^ C20 [ROW] 



> A 



1048575 



Q23/[REFRESH ROW] 
24 [PWR DWN] 
> C21 [COLUMN] 

G24 



> 23C22 
24,25 EN 



G25 

n. 



XT 



A,22D 
V26 



A,Z26 - - 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



functional block diagram 



AO- 
A1 - 



A9- 



Column- 
Address 
Buffers 



Row- 
Address 
Buffers 



10 



RAS CAS W OE 

,* t M, 

I Timing and Control | 



16< 



Column Decode 



Sense Amplifiers 



128K Array 



128K Array 



128K Array 



10 



128K Array 



128K Array 



128K Array 




DQ1-DQ4 
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operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multip lex is eliminated . The 
maximum number of columns that ca n be a ccessed is determined by the maximum RAS low time and the CAS 
page cycle time used. With minimum CAS page cyc le tim e, all 1024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

U nlike c onventional page-mode DRAMs, the column-address buff ers in this device activate on th e fallin g edge 
of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS latches 
the column addresses. This feature allows the TMS4x400 to operate at a higher data bandwidth than 
conve ntion al page-mode parts because data retrieval begins as soon as the column address is valid rather than 
when CAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be prese nted immediately after row-address hold time has been satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after tQAC maximum (access time from CAS 
low) if t>\A maximum (access time fro m colu mn address) has been satisfied. In the event that column addresses 
for the next cycle are valid at the time CAS goes high, access time for the next cycle is determined by the later 
occurrence of tQAC or *CPA (access time from rising edge of CAS) . 

address (A0-A9) 



write enable (W) 

The read or write models selected through W input. A logic high on W selects the read mode and a logic low 
selects the write mode. W can be driven from standard TTL circuits (TMS44400/P) or low voltage TTL circuits 
(TMS46400/P) witho ut a pullup resistor. The data input is disabled when the read mode is selected. When W 
goes low prior to CAS (early write) , data out remains in the high-impedance state for the entire cycle, permitting 
a write operation independent of the state of OE. This permits early-write operation to complete with OE 
grounded. 

data in/out (DQ1-DQ4) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS and OE 
are brough t low. In a r ead cycle, th e outp ut becomes valid after all access times are satisfied. The output remains 
valid while CAS and OE are low. CAS or OE going high returns the output to a high-impedance state. This is 
accomplished by bringing OE high prior to applying data, satisfying tQED- 

output enable (OE) 

OE controls thejmpedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low durin g a n orm al cyc le activates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and CAS to be brought low for th e out put buffers to go into the low-impedance 
state. They remain in the low-impedance state until either OE or CAS is brought high. 



z 
o 



Twenty address bits are required to decode any one of the 1 0485 76 sto rage-cell locations. Ten row-address ^ 

bits are set up on inputs AO through A9 and latched onto the chip by RAS. The ten column-address bits are set Jg 
up on A O throu gh A9 and latc hed onto the chip by CAS. All addresses must be stable on or before the falling 

edges of RA S and CAS. RAS is similar to a chip enable because it activates the sense amplifiers as well as the ^ 
row decoder. CAS is used as a chip select, activating the output buffer, as well as latching the address bits into 

the column-address buffer. ZZ 
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refresh 

A refresh operation must be performed at least once every 1 6 ms (1 28 ms for TMS4x400P) to retain data. This 
can be achieved by strobing each o f the 1 024 rows (A0-A9). A normal read or w rite cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffer remains in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. Hidden refresh can be performed while maintai ning valid data at the 
output. This is accomplished by h olding CAS at V|l after a read operation and cycling RAS after a specified 
precharge period, similar to a RAS-only refresh cycle. The external address is ignored during the hidden-refresh 
cycle. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see para meter tpSR) and holding it low after RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 300-^A (TMS46400P) or 500-jiA 
(TMS44400P) refresh current is available o n the low-power devices. Data integrity is maintained using CBR 
refresh with a period of 125 fxs while holding RAS low for less than 1 ps. To minimize current consumption, all 
input levels need to be at CMOS levels ( V|l * 0.2 V, Vjh * Vqc - 0.2 V) . 

self refresh 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. CAS and RAS are both held low 
for a minimum of 100 \*s. The chip is then refreshed by an on-board oscillator. No external addr ess is req uired 
since the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS and CAS 
are brought high to satisfy tcHS- u P on exiting the self-refresh mode, a burst refresh (refresh a full set of row 
addresses) must execute before continuing with normal operation. This ensures the DRAM is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 \xs followed by a minimum of eight initialization cycles 
i s req uired after full Vcc level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 

test mode 

The test mode is initiated with a CBR refresh cycle while simultaneously holding W low (WCBR). The entry cycle 
performs an internal refresh cycle while internally setting the device to perform parallel read or write on 
subsequent cycles. While in test mode, any desired data sequ ence can be performed on the device. The device 
exits test mode if a CBR refresh cycle with W held high or a RAS-only refresh (ROR) cycle is performed. 

The TMS4x400/P is configured as a 51 2K x 8 bit device in test mode, where each DQ pin has a separate 2-bit 
parallel read- and write-data bus. During a read cycle, the two internal bits are compared for each DQ pin 
separately. If the two bits agree, the DQ pin goes high; if not, the DQ pin goes low. The two bits are written to 
reflect the state of their respective DQ pins during a parallel write operation. Each DQ pin is independent of the 
others, and any data pattern desired can be written on each DQ pin. Test time is reduced by a factor of 4 for 
this series. 
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test mode (continued) 




Figure 1 . Test-Mode Cycle Timingt 

t The states of W, data in, and address are defined by the type of cycle used during test mode. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, V C c: TMS44400, TMS44400P -1.0V to 7.0 V 

TMS46400, TMS46400P -0.5 V to 4.6 V 

Voltage range on any pin (see Note 1) TMS44400, TMS44400P , - 1 .0 V to 7.0 V 

TMS46400, TMS46400P - 0.5 V to 4.6 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg - 55°C to 1 50°C 



* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Ail voltage values are with respect to Vss* 



recommended operating conditions 





TMS44400/P 


TMS46400/P 


UNIT 




MIN NOM MAX 


MIN NOM MAX 


Vcc Supply voltage 


4.5 5 5.5 


3 3.3 3.6 


V 


Vm High-level input voltage 


2.4 6.5 


2 V C C + 0-3 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


-0.3 0.8 


V 


Ta Operating free-air temperature 


0 70 


0 70 


°c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST 
CONDITIONS 


'44400-60 
'44400P-60 


'44400 -70 
'44400P-70 


'44400-80 
'44400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vqh High-level output voltage 


IrjH = - 5 mA 


2.4 


2.4 


2.4 


V 


Vql Low-level output voltage 


IOL s4 -2mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


vcc^s.sv, 

V|=0Vto6.5V, 

All others = 0VtoVcc 


±10 


±10 


±10 


MA 


\q Output current (leakage) 


VqC - 55 V, Vq = 0 V to Vcc. 
CAS high 


±10 


± 10 


±10 




. Read- or write-cycle current 
'CC1 ( See Note 3 ) 


Vqc -5.5 V, Minimum cycle 


105 


90 


80 


mA 


'CC2 oieuiuuy curreni 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


2 


2 


2 


mA 


After 1 memory cycle, 
RAS and CAS high, 
V|H= V C C -0.2 V 
(CMOS) 


•44400 


1 


1 


1 


mA 


'44400P 


500 


500 


500 


MA 


Average refresh current 
'CC3 (RAS only or CBR) 
(see Note 4) 


VCC = 5-5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


105 


90 


80 


mA 


Average page 
•CC4 current 

(see Notes 3 and 5) 


Vcc = 5.5 V, tpc = minimum, 
RAS low, CAS cycling 


90 


80 


70 


mA 


. f Self-refresh current 
'CC6 (see Note 3) 


CAS * 0.2 V, RAS < 0.2 V, 
tRAS and *CAS > 1000 ms 


500 


500 


500 


MA 


. Standby current, outputs 
CG7 enabled (see Note 3) 


RAS = V| Hl CAS = V|L, 
Data out - enabled 


5 


5 


5 


mA 


. + Battery-backup current 
,CC1 ° (with CBR) 


tRC*125ns, tRAS* Vms, 
Vcc ~ 0.2 V*V| H s 6.5 V, 
0VsbV|l*0.2V, 
WandOE = V|H, 
Address and data stable 


500 


500 


500 


HA 



t For TMS44400P only 

NOTES: 3. Ice max is specified with no load connected. 

4. Measured with a maximum of one address change while RAS = V||_ 



5. Measured with a maximum of one address change while CAS = V|h 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST 
cnkiniTmiJC 

V/UNUI 1 


'46400-60 
'46400P-60 


'46400-70 
"46400P-70 


'46400-80 
'46400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level 
UM output voltage 


lOH = " 2 mA (LVTTL) 


2.4 


2.4 


2.4 


V 


IOH=~100mA(LVCMOS) 


Vcc-0.2 


Vcc-0.2 


Vcc-0.2 


v Low-level 
0L output voltage 


IOL = 2mA (LVTTL) 


0.4 


0.4 


0.4 


V 


IOL^IOOmA^VCMOS) 


0.2 


0.2 


0.2 


. Input current 
' (leakage) 


V| = 0Vto3.9V, Vcc^.BV, 
All others = 0V to Vcc 


± 10 


± 10 


± 10 


ma 


Output current 
'° (leakage) 


Vo = 0VtO Vqc. Vcc = 3.6 V, 
CAS high 


±10 


±10 


±10 


HA 


Read- or 
. wrlte-cycle 
CC1 current 

(see Note 3) 


Minimum cycle, Vcc - 3.6 V 


70 


60 


50 


mA 


Standby 
'CC2 current 


After 1 memory cycle, 
RA§ and CAS high, 
V|H-2V(LVTTL) 


2 


2 


2 


mA 


After 1 memory cycle, 
RAS and SAS high, 
V|H- V C C -0.2 V 
(LVCMOS) 


'46400 


300 


300 


300 


HA 


'46400P 


200 


200 


200 


MA 


Average 
refresh current 
!CC3 (RAS only or 
CBR) 

(see Note 4) 


Minimum cycle, Vcc * 3.6 V, 
RAS cycling, 
GAShigh (RAS only); 
RA§ low after CAS low (CBR) 


70 


60 


50 


mA 


Average page 

. current 
004 (see Notes 3 
and 5) 


tpc ■ minimum, Vcc * 3.6 V, 
RAS low, CAS cycling 


60 


50 


40 


mA 


Self-refresh 

ICC6 T current 

(see Note 3) 


CS5«0.2V, RAS<0.2V, 
tRAS ^ tCAS > 1000 ms 


200 


200 


200 


nA 


Standby 
current, 
ICC7 outputs 
enabled 
(see Note 3) 


1WS«V[H, CAS = V| b 
Data out « enabled 


5 


5 


5 


mA 


Battery-backup 

ICC10 T current 

(with CBR) 


tRC "125|iS, tRAS * 1 ms, 
Vcc- 0.2 V*V|H* 3.9 V, 
0V*V| L *0.2V, 
Wand5E«V| H , 
Address and data stable 


300 


300 


300 


MA 



t For TMS46400P only 

NOTES: 3. Ice max te specified with no load connected. 



4. Measured with a maximum of one address change while RAS = V||_ 

5. Measured with a maximum of one address change while CAS = V|h 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


c i(A) Input capacitance, AO- A10 


5 


PF 


c i(RC) Input capacitance, CAS and RAS 


7 


PF 


Cj(OE) Input capacitance, OE 


7 


PF 


Cj(w) Input capacitance, W 


7 


PF 


C 0 Output capacitance 


7 


PF 


NOTE 6: Vqc = 5 V ± .5 V for the TMS44400 devices, Vqc = 3.3 V ± 0.3 V for the TMS46400 devices, and the bias on pins under test is 0 V. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'4x400-60 
'4X400P-60 


'4x400-70 
'4X400P-70 


'4x400-80 
'4X400P-80 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




t/\A Access time from column address 


30 


35 


40 


ns 


*CAC Access time from CAS low 


15 


18 


20 


ns 


trjpA Access time from column precharge 


35 


40 


45 


ns 


tpAC Access time from RAS low 


60 


70 


80 


ns 


tOEA Access time from OE low 


15 


18 


20 


ns 


tQLZ CAS to output in low impedance 


0 


0 


0 


ns 


tOFF Output-disable time after CAS high (see Note 7) 


0 15 


0 18 


0 20 


ns 


*OEZ Output-disable time after WE high (see Note 7) 


0 15 


0 18 


0 20 


ns 



NOTE 7: tQFF is specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4x400-60 
'4X400P-60 


'4x400-70 
'4X400P-70 


'4x6400-80 
'4X400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 8) 


110 


130 


150 


ns 


tRWC Cycle time, read-write 


155 


181 


205 


ns 


tpc Cycle time, page-mode read or write (see Note 9) 


40 


45 


50 


ns 


tPRWC Cycle time, page-mode read-write 


85 


96 


105 


ns 


tRASP Pulse duration, RAS low, page mode (see Note 10) 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pu,se duration, RAS low, nonpage mode (see Note 1 0) 


60 10 000 


70 10 000 


80 10 000 


ns 


tRASS Pu,SG duration, RAS low, self refresh 


100 


100 


100 


|iS 


tcAS Pulse duration, CAS low (see Note 11) 


10 10000 


18 10000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tpp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tRPS Precharge time after self refresh using RAS 


110 


130 


150 


ns 


tyyp Pulse duration, write 


10 


10 


10 


ns 


tASC Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tos Setup time, data (see Note 12) 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twcs Setup time, W low before CAS low (early-write operation only) 


0 


0 


0 


ns 


twSR Setup time, W high (CBR refresh only) 


10 


10 


10 


ns 


twrs Setup time, W low (test mode only) 


10 


10 


10 


ns 


tQAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tQHR Hold time, data after RAS low (see Note 13) 


50 


55 


60 


ns 


tpH Hold time, data (see Note 1 2) 


10 


15 


15 


ns 


tAR Hold time, column address after RAS low (see Note 1 3) 


50 


55 


60 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after €X3 high (see Note 14) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 1 4) 


0 


0 


0 


ns 


twCH Hold time, W low after CAS low (early-write operation only) 


10 


15 


15 


ns 


twCR Hold time, W low after RAS low (see Note 1 3) 


50 


55 


60 


ns 


twHR Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


twTH Hold time, W low (test mode only) 


10 


10 


10 


ns 


tcHS Hold time, CAS low after RAS high (self refresh) 


-50 


-50 


-50 


ns 


tQEH Hold time, OE command 


15 


18 


20 


ns 


tQED Hold time, OE to data delay 


15 


18 


20 


ns 



NOTES: 8. All cycle times assume tj = 5 ns. 

9. To ensure tpc min, tASC should be % tcp • 

10. In a read-write cycle, tRWD and tRWL must be observed. 

11. In a read-write cycle, tcyy p and *CWL must 09 observed. 

1 2. Referenced to the later of CAS or W in write operations 



1 3. The minimum value is measured when tpcD is set to tRCD min as a reference. 

14. Either tRRH or tRCH m ust be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'4x400-60 
'4X400P-60 


'4x400-70 
'4X400P-70 


'4x400-80 
'4X400P-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




tROH 


Hold time, RAS referenced to OE 


10 


10 


10 


ns 


tAWD 


Delay time, column address to W low (read-write operation only) 


55 


63 


70 


ns 


*CHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tCRP 


Delay time, CAS high to RAS low 


0 


0 


0 


ns 


*CSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tcWD 


Delay time, CAS low to W low (read-write operation only) 


40 


46 


50 


ns 


tRAD 


Delay time, RAS low to column address (see Note 15) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 5) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low 


0 


0 


o 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tRWD 


Delay time, RAS low to W low (read-write operation only) 


85 


98 


110 


ns 


tTAA 


Access time from address (test mode) 


35 


40 


45 


ns 


tTCPA 


Access time from column precharge (test mode) 


40 


45 


50 


ns 


tTRAC 


Access time from RAS (test mode) 


65 


75 


85 


ns 


tREF 


Refresh time interval 


•4x400 


16 


16 


16 


ms 


•4X400P 


128 


128 


128 


ms 


tT 


Transition time 


2 


30 


2 


30 


2 


30 


ns 



NOTE 15: The maximum value is specified only to ensure access time. 



PARAMETER MEASUREMENT INFORMATION 

1.31V Vcc = 5V 

> R L = 218n | R1 =828 0 



Output Under Test 

C|_ = 100pF 
(see Note A) 



Output Under Test 

CL*100pF 



(s 



= luupr 7f=: 
e Note A) 



n 



R2 = 295fi 



(a) LOAD CIRCUIT 



(b) ALTERNATE LOAD CIRCUIT 



NOTE A: C|_ includes probe and fixture capacitance. 



Figure 2. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 

1.4V VcC = 3.3V 

> RL = 500fl £ R1 =1178 0 



Output Under Test 



C|_ = 100pF 



Output Under Test 



C L = 100pF 



1—1 



R2 x 868 Q 



RAS 



CAS 



A0-A9 



W 



DQ1-DQ4 



OE 



(a) LOAD CIRCUIT (b) ALTERNATE LOAD CIRCUIT 

Figure 3. Low-Voltage Load Circuits for Timing Parameters 



-t R c- 



- tRAS - 



I 



-1 



-tcSH- 



■ *RCD ' 



- tRSH " 



i k. 
4-H 



tCAS" 



-*ft RA D | V 

1 I I 



tRAH" 

I 



*ASR 



I I 



r 



k- 



-►[-tASC 

|T tRAL " 

■tCAL" 



I I 

_l_L 



tRp 

tCRP- 



A. 



-tcp- 



Row 



Column 




; tRCS 
k 



II 



tr *AR " 



I 



II 



Don't Care 



tCAH 



I I 

\aaa/4aa/ 
Don't Care 

I T* 

IJ 




■ tRRH 



tRCH 



T 



■ tCAC " 




VAAAAAA/ 
Don't Care 

/v/v/v/v/v/v/v 



■ *AA - 



■ tOFF " 



■ Hl-Z " 



See Note A 



Valid Data Out 



> 



*CLZ-]<- 
— tRAC — 



I 

tOEZ">l k- 



tOEA- 



\/\/\/\/\/\/\/ 
Don't Care 

/\/\/\/v/\/\/v 



- tROH ' 



\AAAAAA/ 

Don't Care i 

AAAAAAAi 



NOTE B: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 4. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




Figure 5. Early-Write-Cyclo Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A9 



DQ1-DQ4 




5 

DC 

O 
LL 



UJ 
O 

I 

< 



Figure 6. Wrlte-Cycle Timing 
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NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 7. Read-Write-Cycle Timing 
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NOTES: A. Access time is tcpA or t^A dependent. 

B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 8. Enhanced-Page-Mode Read-Cycle Timing 
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NOTES: A. Referenced to CAS or W, whichever occurs last 

B. A read cycle or a read-write cycle can be intermixed with write cycles as long as read and read-write timing specifications are not 
violated. 

Figure 9. Enhanced-Page-Mode Write-Cycle Timing 
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NOTES: A Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated. 

Figure 10. Enhanced-Page-Mode Read-Write-Cycle Timing 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



4-67 



TMS44400, TMS44400P, TMS46400, TMS46400P 

4194304-WORD BY 1-BIT 

DYNAMIC RANDOM-ACCESS MEMORIES 

SMHS562A - MAY 1 995 -» REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A9 



> 

i 

z 
o 
m 

z 

O 

33 



w 



DQ1-DQ4 



OE 



Don't Care 

Aaaaaaa 



\AAAAAA/ 

Don't Care 

/vvvvvvy 



tRC- 



*CRP 




-*| |4-tRPC 



I [ 



tASR 




*RAH 



Row 



\aaaaaa/ 
Don't Care 

/VVVVWY 



Row 



\/\/\/\/\/\/ 
Don't Care 

/\/\/\/\/\/\ 



' WWW 
Don't Care 

/vvvvv\ 



\/\/\/\/\/\/ 

Don't Care 

A/VVVV\ 
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Figure 12. Aufomatic-CBR-Refresh-Cycle Timing 
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Figure 13. Self-Refresh-Cycle Timing 
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Flgure 14. Hidden-Refresh-Cycle (Read) Timing 
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Figure 15. Hidden-Refresh-Cycle (Write) Timing 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



4-71 



TMS44400, TMS44400P, TMS46400, TMS46400P 

4194304-WORD BY 1-BIT 

DYNAMIC RANDOM-ACCESS MEMORIES 

SMHS562A -- MAY 1 995 - REVISED JUNE 1 995 . 



RAS 



CAS 



W 



PARAMETER MEASUREMENT INFORMATION 



- t RC - 



tRP- 



A 



-tcSR- 



tRAS- 



■ *CHR ■ 



*WTS 



lAAAAAA/ ' 

Don't Care 

/\/\/\/\/\/\/v 



> 

D 
Z 

o 
m 



n 
O 

30 

5 



A0-A9 



OE 



DQ1-DQ4- 



\aaaaaa/ 
Don't Care 

/wx/v/v/x/x/v 



\AAAAAA/ 

Don't Care 

/vvvvvvv 



■ HI-2 - 



Figure 16. Test-Mode Entry-Cycle Timing 
device symbolization (TMS44400 illustrated) 
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Speed (-60, -70, -80) 

- Low-Power/Self-Refresh Designator (Blank or P) 
Package Code 



- Assembly Site Code 



Lot Traceabllity Code 
Month Code 



Year Code 

Die Revision Code 

Wafer Fab Code « 
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This data sheet is applicable to all TMS44 165/Ps 
symbolized with Revision U D" and subsequent 
revisions as described on page 4-92. 
Organization . . . 262 144 x 16 
5-V Supply (±10% Tolerance) 
Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 



DZ PACKAGE 
(TOP VIEW) 



DGE PACKAGE 
(TOP VIEW) 





TIME 


TIME 


TIME 


WRITE 




tRAC 


tCAC 


*AA 


CYCLE 




MAX 


MAX 


MAX 


MIN 


'44165/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


'44165/P-70 


70 ns 


20 ns 


35 ns 


130 ns 


'44165/P-80 


80 ns 


20 ns 


40 ns 


150 ns 



V C c[ 1 
DQ0[ 2 
DQ1 [ 3 
DQ2[ 4 
DQ3[ 5 
VqcI 6 
DQ4[ 7 
DQ5[ 8 
DQ6[ 9 
DQ7[ 10 
NC[ 11 
LW [ 12 
UW [ 13 
RAS[ 14 
A9[ 15 
A0[ 
A1[ 
A2[ 
A3[ 

Vcct 



40 ]Vss 
39]DQ15 
38]DQ14 
37]DQ13 
]DQ12 

]V S S 
]DQ11 
]DQ10 
]DQ9 
]DQ8 



36 
35 
34 
33 
32 
31 



30] NO 
29]NC 



44]Vss 
43 ] DQ15 
]DQ14 
41 ]DQ13 
40]DQ12 
39]V SS 
381DQ11 
37]DQ10 
36]DQ9 
35]DQ8 



28 ]CAS NC 



27]OE 
26]A8 
25]A7 
24]A6 
23]A5 
22]A4 



21 ]V S S 




• Enha nced-P age-M ode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 

1024-Cycle Refresh in 16 ms (Max) 
1 28 ms Max for Low-Power With 
Self-Refresh Version (TMS44165P) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Texas instruments EPIC™ CMOS Process 

• All Inputs, Outputs, and Clocks Are TTL 
Compatible 

• High-Reliability, 40-Lead, 400-Mil-Wide 
Plastic Surface-Mount (SOJ) Package and 
40/44-Lead Thin Small-Outline Package 
(TSOP) 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Low-Power With Self-Refresh Version 

• Upper and Lower Byte Control During Write 
Operations 

description 

The TMS441 65 series are high-speed, 4 1 94304-bit dynamic random-access memories organized as 262 1 44 
words of 16 bits each. The TMS44165P series are high-speed, low-power, self-refresh 4194304-bit dynamic 
random-access memories organized as 262144 words of 16 bits each. They employ state-of-the-art EPIC™ 
(Enhanced Performance Implanted CMOS) technology for high performance, reliability, and low power. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power dissipation 
is as low as 580 mW operating and 1 1 mW standby on 80-ns devices. All inputs and outputs, including clocks, 
are compatible with Series 74 TTL. All addresses and data-in lines are latched on chip to simplify system design. 
Data out is unlatched to allow greater system flexibility. 

The TMS441 65 and TMS441 65P are eaph offered in a 40-lead plastic surface-mount SOJ package (DZ suffix) 
and a 40/44-lead plastic surface-mount TSOP package (DGE suffix). These packages are characterized for 
operation from 0°C to 70°C. 



PIN NOMENCLATURE 


A0-A9 


Address Inputs 


DQ0-DQ1 5 Data In/Data Out 


CAS 


Column-Address Strobe 


LW 


Lower Write Enable 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


UW 


Upper Write Enable 


v C c 


5-V Supply 


v S s 


Ground 



EPIC is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information to current m of publication date. Copyright © 1995, Texas Instruments Incorporated 
" ' " Texas Instrum 



Products conform to specifications par the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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operation 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and addres s mult iplex is eliminat ed. Th e maximum 
number of columns that can be acc essed is determined by the maximum RAS low time and the CAS page-mode 
cycle time used. With minimum CAS page cycl e time, all 256 columns specified by column addresses 
A0-A7 can be accessed without intervening RAS cycles. 

Unlike c onve ntional page-mode DRAMs, the column-address buffers in thi s devi ce are activated on the falling 
ed ge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The first falling edge 
of CAS latches the column addresses. This feature allows the devices to operate at a higher data bandwidth 
than conv ention al page-mode parts because data retrieval begins as soon as column address is valid rather 
than when CAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented i mmed iately after Xrah (row-address hold time) has been satisfied, u sually 
well in advance of the falling edge of CAS. In this case, data is obtained after tQAc max (access time from CAS 
low) if t/\A max (access time from colu mn add ress) has been satisfied. In the event that column addresses for 
the next page cycle are valid at the time CAS goe s high , minimum access time for the next cycle is determined 
by tcPA (access time from rising edge of the last CAS). 

address (A0-A9) 

Eighteen address bits are required to deco de 1 of 262 1 44 storage cell locations. Ten row-address bits are set 
up on A0-A9 and latched o nto the chip by RAS. Then, eight column-address bits are set up on AO th rou gh A7 
and l atched onto the chip by CAS. All addresses must be stable on or before the falling edge of R AS an d CAS. 
RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used 
as a chip select activating the output buffers and latching the address bits into the column-address buffers. 

write enable (UW, LW) 

The read or write mode is selected through the upper or lower write-enable (DW, UN) mpu\. LW controls 
DQ0-DQ7, and UW controls DQ8-DQ1 5. A logic high on the UW and LW input selects the read mode and a 
logic low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits without 
a pullup resistor. The data input is disabled when the read mode is selected. When UW or LW goes low prior 
to CAS (early write), data out remains in the high-impedance state for the entire cycle permitting a write 
operation with OE grounded. 

Either UW or LW can be brought low, and the user can write into eight DQ locations; UW and LW can be brought 
low at the same time and all 1 6 DQ are written into. 

data in (DQ0-DQ15) 

D ata is writte n during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge 
of CAS, UW, or LW strobes data into the on- chip d ata latch. In an early-write cycle, UW or LW is brought low 
prior to CAS, and the data is strobed in by C AS with setup and hold times referenced to this signal. In a 
delayed-write or read-modify-write cycle, CAS is already low, and data is strobed in by UW or LW with setup 
and hold times referenced to this signal. In a delayed-write or read-modify-write cycle, OE mus t be high to bring 
the output buffers to the high-impedance state prior to impressing data on the I/O lines. The LW terminal controls 
DQ0-DQ7. The UW pin controls DQ8-DQ1 5. 

data out (DQ0-DQ15) 

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Seri es 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state 
until CAS and OE are brought low. In a read c ycle, the output becomes valid after the access time interval tcAC 
(which begins with the negative transition of CAS) as long as tpAc and t^A are satisfied. 
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output enable (OE) 

OE controls the impedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing (5E low durin g a n orm al cyc le activates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and CAS to be brought low for the output buffers to go into the low-imp edan ce 
state. Once in the low-impedance state, they remain in the low-impedance state until either OE or CAS is 
brought high. 

RAS-only refresh 

A refresh operation must be performed at least once every 1 6 ms (1 28 ms for TMS441 65P) to retain data. This 
can be achieved by strobing each o f the 1024 rows (A0-A9). A normal read or w rite cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidd en refresh can be performed while maintai ning v alid data at the output pin. This is accomplished by ho lding 
CAS at V||_ after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored, and the refresh address is generated internally. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see p aram eter tcsR) and holding it low after RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CAS remains low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 500 mA refresh current is avai lable on the 
TMS441 65R Data integrity is maintained using CBR refresh with a period of 1 25 ms while holding RAS low for 
less than 1 jas. To minimize current consumption, all input levels must be at CMOS levels 
(V, L * 0.2 V,V,h*V C c- 0.2 V). 

self refresh (TMS44165P) 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both 
held low for a minimum of 100 |is. The chip is then refreshed internally by an on-board oscillator. No external 
addr ess is req uired because the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and CAS are brought high to satisfy tcHS- u P on exiting the self-refresh mode, a burst refresh (refresh 
a full set of row addresses) must be executed before continuing with normal operation. This ensures the DRAM 
is fully refreshed. 



To achieve proper device operation, an initial pause of 200 ms followed by a minimum of eight RAS cycles is 
requir ed after power up to the full Vqq level.These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 



power up 
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logic symbolt 



AO 
At 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 



RAS 



16 



17 
18 
19 



22 



23 
24 



25 
26 



15 



20D16/21D7 
20D17 
20D18 
■J^ > C20[ROW] 

G23/[REFRESH ROW] 
24[PWR DWN] 



CAS 



LW 



28 



12 



UW 



13 



OE " 

DQO 

DQ1 
DQ2- 
DQ3 - 
DQ4 
DQ5 
DQ6 
DQ7- 
DQ8- 

DQ9- 
DQ10- 
DQ11 
DQ12- 
DQ13- 
DQ14 : 
DQ15- 



. 27 



RAM 256Kx16 

20D8/21D0 



262 143 



& 



G29 



Z31 

> C21 [COL] 
G24 



> 23C22 



23,210 + 29,25EN26 



31 * 



> 23C32 



23,21 D + 29.25EN27 



G25 





V26 *' Z26 - 


3 <► 

5 ^ ^ 
























A.32D 

V27 A,Z27 ' 














36 « ► 

















t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown correspond to the DZ package. 
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functional block diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Supply voltage range, Vcc ••••• • -1Vto7V 

Input voltage range (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range,T s t g - 55°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$$. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V$s Supply voltage 


0 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'44165-60 

MiUfiCP-eft 


•44165-70 
*»•# i oar tv 


'44165-80 
'441 65P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


l0H as -5 m A 


2.4 


2.4 


2.4 


V 


w Low-level output 
V ° L voltage 


loi s 4 2 mA 


0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vcc = 5.5V, V|=:0Vto6.5V, 
All others = 0V to Vcc 


±10 


±10 


±10 


ma 


. Output current 
'° (leakage) 


Vqc = 5.5 V, Vo = 0VtoVcc. 
CAS high 


±10 


±10 


±10 


HA 


. T § Read- or write-cycle 
'CC1 current 


Vcc - 5.5 V, Minimum cycle 


140 


120 


105 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


2 


2 


2 


mA 


V|H = VCC -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


'44165 


1 


1 


1 


mA 


'441 65P 


350 


350 


350 




Average refresh 
'CC3* current (RAS-only 
refresh or CBR) 


VCC- 5 - 5 v » Minimum cycle, 
(RAS only), RAS cycling, 
CAS high (CBR only), 
RAS low after CAS low 


140 


120 


105 


mA 


ICC4 T ^ Average page current 


Vqq* 5.5 V, tpc = MINI, 
RAS low, CAS cycling 


120 


100 


85 


mA 


Battery back-up 
operating current 
ICC5^ (equivalent refresh 
time is 64 ms); 
CBR only 


tRC = 125jiS, tRAS*1|*s. 
Vqc - 0.2 V*V|H* 6.5V, 
0VsV|ls0.2V, 
UW,LWandOE«V|H, 
Address and data stable 


500 


500 


500 


MA 


ICC6^ Self-refresh current 


CAS<0.2V, RAS < 0.2 V, 
tRASandtcAS>1s 


400 


400 


400 


ma 



t Measured with outputs open 

* Measured with a maximum of one address change while RAS = V||_ 
§ Measured with a maximum of one address change while CAS = V|h 
' For TMS44165P only 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz* (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


Ci(AV 


Input capacitance, A0-A8 


5 


PF 


Ci(OE) 


Input capacitance, OE 


7 


PF 


Cj(RC) 


Input capacitance, CAS and RAS 


7 


PF 


Cj(W) 


Input capacitance, xW 


7 


PF 


Co 


Output capacitance 


7 


PF 



# Capacitance measurements are made on a sample basis only. 
NOTE 3: Vcc * 5 V ± 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'44165-60 
441 oor-oU 


'44165-70 
44io5r-7H 


'44165-80 

'AA4 CRD OA 

441 oor-oU 


UNIT 


MIN MAY 


MIN MAY 

Mill IMMA 


MIM MAY 


*CAC Access time from CAS low 


15 


20 


20 


ns 


t/\A Access time from column address 


30 


35 


40 


ns 


*RAC Access time from RAS low 


60 


70 


80 


ns 


tOEA Access time from OE low 


15 


20 


20 


ns 


*CPA Access time from column precharge 


35 


40 


45 


ns 


tci_Z Delay time, CAS low to output in the low-impedance state 


0 


0 


0 


ns 


toFF Output disable time after CAS high (see Note 4) 


0 15 


0 20 


0 20 


ns 


tQEZ Output disable time after 51 high (see Note 4) 


0 15 


0 20 


0 20 


ns 



NOTE 4: trjFF and k)EZ are specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) 





'44165-60 
'44165P-60 


'44165-70 
'44165P-70 


'44165-80 
'44165P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*RC Cycle time, read (see Note 6) 


110 


130 


150 


ns 


twc Cycle time, write 


110 


130 


150 


ns 


tRWC Cycle time, read-write/read-modify-write 


155 


185 


205 


ns 


tpc Cycle time, page-mode read or write (see Note 7) 


40 


45 


50 


ns 


tPRWC Cycle time, page-mode read-modify-write 


85 


90 


105 


ns 


tRASP Pu,se duration, RAS low, page mode (see Note 8) 


60 100 000 


70 100 000 


80 100 000 


ns 


*RAS Pulse duration, RAS low, nonpage mode (see Note 8) 


60 10 000 


70 10 000 


80 10 000 


ns 


tCAS Pulse duration, CAS low (see Note 9) 


15 10 000 


20 10 000 


20 10 000 


ns 


top Pulse duration, CAS high 


1 ° 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, write 


15 


15 


15 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tps Setup time, data before xW low (see Note 1 0) 


0 


0 


0 


ns 


tRCS Setup time, read before CAS low 


0 


0 


0 


ns 


tCWL Setup time, xW low before CAS high 


15 


20 


20 


ns 


*RWL Setup time, xW low before RAS high 


15 


20 


20 


ns 


twCS Setu P tlme « *W low before CAS low (see Note 11) 


0 


0 


0 


ns 



NOTES: 5. Timing measurements are referenced to V||_ max and Vm min. 

6. All cycle times assume tj - 5 ns. 

7. To assure tpc min, tASC snould 1)6 fct CP' 

8. In a read-modify-write cycle, tpyVD and *RWL must be observed. 

9. In a read-modify-write cycle, tQWD and tCWL must 06 observed. 

1 0. Referenced to the later of CAS or W in write operations 

1 1 . Early-write operation only 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) (see Note 5) 





'44165-60 
'44165P-60 


'44165-70 
'441 65P-70 


'44165-80 
'44165P-80 


UNIT 


MIN MAY 
Mill nnA 


MIN MAY 


MIN MAY 
mill mM#\ 


fsx a i i HnlH tima /v>lnmn aHHracc oftar PAQ I/has /eaa Rls^to 1 A\ 
*CAH nuiu in lie, uuiuiiin ciuurooo aiioi wno low ^soo inoio iu/ 


I u 


1^ 

IO 


1*% 
I o 




trNun HnlH tima Ha to aftar D AC Ishaj /eaa Mnta i Q\ 

*DHR nuiu ume, uciici aiioi rvAO luw ^see inuio to) 


ou 


OO 


OO 


ns 


l Dn noiu uiiio, uaia aiioi wno low \Soo inoio ioj 


IO 


1 o 


1 o 


ns 


fin HnlH tima /*nlumn aHHrocc oftor DAC Irtu/ /cao Klnta 1Q\ 

nuiu miiio, uuiunin auuroos aiioi n/AO low ^soo inoio io/ 


OKI 


OO 


OO 


ns 


to a i_i HnlH timo rnw nHHroeo oftor RAS Inw 
iriAn nuiu miiio, iuw OUUI099 aiioi nr^o iuw 


10 


10 


10 




tnnu HnlH timo rooH aftor OAQ hinh /caa Nnto 
iRCH nuiu miiio, roau aiioi v^o iiiyii \ooo nolo \*r) 


o 


o 


o 


ns 


tnnu HnlH timo rooH aftor RAQ hinh /coo Nnto 1A\ 
HRn nuiu in mo, loau aiioi nr\o iiiyn yooo inuio i*r/ . 


0 


0 


o 




tiA/^Li HnlH timo writo aftor OAfi Inw /coo Kioto 1 A\ 
WvCn nuiu in no, wiuo cuioi wno iuw \90o nuio i*rj 


10 


15 


15 




tiA/r^D HnlH timo writo aftor RAS Inw /coo Nnto 1 9\ 
^VVO ri nuiu in i tw, tti no cuioi iir^sj lun ^ooo nuio i&y 


30 


35 


35 




t/-»i HnlH timo HAS Inw tn OAS hinh 
i^Lv^n nuiu in no, wnu iuw iu wr^w i iiy i 1 


5 


5 


5 




tAiA#r% ftolav timo nnlumn aHHrosc tn v\A/ Inw /coo Nlnto 
AWU Lyoiciy in no, vuiuiim ctuuiooo tu avv iuw ^©oo iwio 'U/ 


55 


65 


70 




t^Niin ftolai/ timo RA.Q Inwfn OAQ hinh /coo Nnto 1 1 \ 
GnR L/oiciy lllllo, nno IUW IU Vsr\0 iliyil ^ooo INUlo 11^ 


1 o 


15 


20 


ns 


t/">r»r» Oolav timo OAQ hinh tn RAQ Inw 
CRP L^oicty iiiiio, wno niyn iu n/AO iuw 


0 


0 


0 




t/->oi_i Dolav timo RAS Inw tn OAS hinh 
l \yoM woieiy who, n/AO iuw iu v^aao iiiyn 


60 


70 


80 




tr^oo Holav timo OAS Inw tn RAS Inw /coo Nnto 11\ 
H^q^ i«/wiciy iiiiio, wno iuw iu nrvj iuw yooo iiuio i if 


10 


10 


10 




ICWD Uolay lllTIo, unO IOW IO XVV IOW \S6o INOlo 1 0) 


•to 


OO 


OO 


ns 


lOtn noio iiiiio, \jc cornniariQi 








ns 


t/^r— r> Dolou timo OP hinh hofnro Hoto at DO 
^C/cD L^oiay iiiiio, uc iiiyn uoiuio ucua cti u\d 


15 


20 


20 




tROH Delay timo, OE low to RAS high 


10 


10 


10 


ns 


tRAD Delay time, RAS low to column address (see Note 16) 


15 30 


15 35 


15 40 


ns 


tRAL Delay time, column address to RAS high 


30 


35 


40 


ns 


tcAL Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD Delay time, RAS low to CAS low (see Note 16) 


20 45 


20 50 


20 60 


ns 


tRPC Delay time, RAS high to CAS low (see Note 11) 


0 


0 


o 


ns 


tRSH Delay time, CAS low to RAS high 


15 


20 


20 


ns 


tRWD De,a y time » RAS low to xW low (see Note 1 5) 


85 


100 


110 


ns 


tQPR Pulse duration, CAS precharge before self refresh 


o 


o 


0 


ns 


tpps Pulse duration, RAS precharge after self refresh 


110 


130 


150 


ns 


l RASS Pulse duration, self refresh entry from RAS low 


100 


100 


100 


us 


tCHS Hold time, CAS low after RAS high (for self refresh) 


-50 


-50 


-50 


ns 


tREF Refresh time interval 


•44165 


16 


16 


16 


ms 


•441 65P 


128 


128 


128 


tj Transition time 


2 50 


2 50 


2 50 


ns 



NOTES: 5. Timing measurements ar e refe renced to V|l max and V|h min. 

1 0. Referenced in the later of CAS or xW in write operations 

11. Early-write operation only 

12. CBR refresh only 

13. The minimum value is measured when tRCD is set to tRCD min as a reference. 

1 4. Either tRRR or tRCH must be satisfied for a read cycle. 

15. Read-modity-write operation only 

16. Maximum value specified only to assure access time 
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PARAMETER MEASUREMENT INFORMATION 

1.31V Vcc*5V 



Output Under Test 



C L = 100pF 
(see Note A) 



R L = 218fl 



(a) LOAD CIRCUIT 



Output Under Test 



C|_* 100pF 
(see Note A) 



Ri = 828 Q 



R 2 = 295 ft 



(b) ALTERNATE LOAD CIRCUIT 



NOTE A: C[_ includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 

- tRC " 



RAS 



CAS 



A0-A8 




AAAAAAA/ 

UW,LW<> Don't Cart 

>AAAAAAA 



DQ0-DQ15 



NOTE B: Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




A0-A8 



_ _ jiaaaaaa^ 
UW,LWt<W Don't Care 



DQ0-DQ15* 



5E 



YYYYYYY 
Don't Cart 



t Either UW or LW can be brought low, and the user can write into eight DQ locations; UW and LW can be brought low at the same time and ail 

16 DQ locations are written into. 
* All DQ pins remain in the high-impedance state for an early write cycle. 

Figure 3. Early-Write-Cycle Timing 
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RAS 



PARAMETER MEASUREMENT INFORMATION 

-twc — — — 



■ *RAS " 



CAS 



if 



" *RCD " 



■ *RSH ■ 



I 



tASC -W- 



tCSH 



— tRP »j 

tCRP -H 



K 



- tCAS ■ 



tRAH-j-N *- 
I*"' USR 



} t A R 



A0-A8 



UW.LWt 



Row 



if 



-tcp- 



tRAL 



*CAL 



Column 



tCAH-W 



T"1 



WVWW 1 
Don't Care 

/x/x/x/x/x/x/x 




tRAD-f^" 



Don't Care 

/wywwx/wv 



■ tcWL — 
— tRWL ■ 



tDS-H 
i Note A) 



14 



*DHR 



DQ0-DQ15* 



OE 



Don't Care 

/v/wv/x/v/wv 



*WCR 



See Note A 
tDH — »l 




\aaaaaa; 
Don't Care 

/YVVVW\ 



twp 



Valid Data In 



VWWW 1 
Don't Care 

VVVVVVV 



tQED" 



tOEH" 




VWWW 
Don't Care 

/ X/ X/ X/ X/ X/ V/ X, 



t Either UW or LW can be brought low, and the user can write into eight DQ locations; UW and LW can be brought low at the same time and all 

16 DQ locations are written into. 
* All DQ pins rema in in t he high-impedance state for an early write cycle. 
NOTE A: Later of CAS or xW in write operations. 

Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



tRWC 



tRAS 



RAS 



*RCD 



tRSH 




Jjfc 



tCSH 



tCAS 



* <«+ tCRP -#l 

*l LL 



A0-A8 



UW, LWt 



DQ0-DQ15* 




t Either UW or LW can be brought low, and the user can write into eight DQ locations; UW and LW can be brought low at the same time and all 

16 DQ locations are written into. 
* All DQ pins remain in the high-impedance state for an early write cycle. 

Figure 5. Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



UW,LW 



DQ0-DQ15 




M-tQEZ 



AAAAAA 

OE Don't Care 



JSJl A A A A A A A AJ V 1 J&AA A A A A A A A A7 

Don't Care $SJ y?W Don't Care 



NOTES: A. Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

B. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 
specifications are not violated. 

C. Access time is tcPA or *AA dependent. 



Figure 6. Enhanced-Page-Mode Read-Cycle Timing 



4-86 



^lEXAS 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS44165, TMS44165P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 

SMHS1 66C - AUGUST 1 992 - REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 



A0-A8 



DQ8-DQ15 



DQ0-DQ7 




H-toEH-*! 



OE 



vwww 

Don't Care 

irvvvvvwv' 



wwwwy 

V( Don't Car© X> 

NimmmmmmmA 



NOTES: A. Later of CAS or xW in write operations. 

B. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modify-write timing 
specifications are not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



UW.LW 



DQ0-DQ15 




NOTES: A. Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

B. Access time is tcPA or *AA dependent. 

C. A read or write cycle can be intermixed with read-mod ify-write cycles as long as the read and write cycle timing specifications £ 
not violated. 

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycie Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



, |*~ *RAS -*| 

_! I | 



tRC 



tCRP 



" tRp 

tRPC 



Don't Care 



Don't Care 



tASR *" 



*4 ^tRAH 



Row 



]W Don't Care A( 



Row 



UW.LW 



Don't Care 

/wv/wv/wwv 



DQ0-DQ15 



\>\>\)\>k>\)\) 
Don't Care 



OE 



Don't Care 



Figure 9. RAS-Only Refresh Timing 
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PARAMETER MEASUREMENT INFORMATION 

rt — Refresh Cycle — h 
|4— Memory Cycle —»| ft— Refresh Cycle — el 

I tR P *| «RP -k »1 | 

! tCHR H 

I N «CAS « _ 

cas TnsL j/T 



RAS 



^,^JjL.ASC 




A0-A8 OOOCRowXCol XXXXXXXXXXXXX^"D orft Care" 



— i i \yyyyyyyyy wwww ' 




I H |4- tCAC 




* H- *AA tOFF ~H l<- 

*rac -i« K I 



DQ0-DQ15 



OE 



T » i -f 

j« *OEA k)EZ ~h 

\ ,^ — 



Figure 10. Hidden-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




DQ0-DQ15 Hl-Z 

Figure 1 1 . Automatic CBR-Ref resh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

'(*— — — tRASS- — X 




Figure 12. Self-Refresh-Cycle Timing 



device symbolization (TMS44165 illustrated) 



Speed (-60, -70, -80) 

Low-Power/Self-Refresh Designator (Blank or P) 
Package Code 

Asembly Site Code 
LotTraceabllity Code 
Month Code 
Year Code 
Die Revision Code 
Wafer Fab Code 



^) TMS44165 DGE 



i 



-SS 



W B Y M LLL P 
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This data sheet is applicable to all TMS45160/Ps 
symbolized with Revision "D" and subsequent 
revisions as described on page 4-113. 

Organization . . . 262144 x 16 

5-V Supply (±10% Tolerance) 

Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 



DZ PACKAGE 
(TOP VIEW) 



DGE PACKAGE 
(TOP VIEW) 





TIME 


TIME 


TIME 


WRITE 




tRAC 


tCAC 


tAA 


CYCLE 




MAX 


MAX 


MAX 


MIN 


'45160/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


'45160/P-70 


70 ns 


20 ns 


35 ns 


130 ns 


'45160/P-80 


80 ns 


20 ns 


40 ns 


150 ns 



]V S S 
] DQ15 
] DQ14 
1DQ13 
]DQ12 

]V SS 
]DQ11 
1DQ10 
]DQ9 
] DQ8 




] V S S 
] DQ15 
3 DQ14 
] DQ13 
] DQ12 

I V S S 
] DQ11 
] DQ10 
] DQ9 
] DQ8 




29) LCAS 

Enhan ced-Pa ge-M ode Operation With w q 13 28p UCAS 

xCAS-Before-RAS (xCBR) Refresh 

• Long Refresh Period 

512-Cycle Refresh in 8 ms (Max) 
64 ms Max for Low Power With 
Self-Refresh Version (TMS45160P) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Texas Instruments EPIC™ CMOS Process 

• All Inputs, Outputs, and Clocks Are TTL 
Compatible 

• High-Reliability, 40-Lead, 400-Mil-Wide 
Plastic Surface-Mount (SOJ) Package and 
40/44-Lead Thin Small-Outline Package 
(TSOP) 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Low Power With Self-Refresh Version 

• Upper and Lower Byte Control During Read 
and Write Operations 

description 

The TMS451 60 series are high-speed, 4 1 94304-bit dynamic random-access memories organized as 262 1 44 
words of 16 bits each. The TMS45160P series are high-speed, iow-power, self-refresh 4194304-bit dynamic 
random-access memories organized as 262144 words of 16 bits each. They employ state-of-the-art EPIC™ 
(Enhanced Performance Implanted CMOS) technology for high performance, reliability, and low power at low 
cost. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. Maximum power dissipation 
is as low as 770 mW operating and 11 mW standby on 80-ns devices. All inputs and outputs, including clocks, 
are compatible with Series 74 TTL. All addresses and data-in lines are latched on chip to simplify system design. 
Data out is unlatched to allow greater system flexibility. 

The TMS451 60 and TMS451 60P are each offered in a 40-lead plastic surface-mount SOJ package (DZ suffix) 
and a 40/44-lead plastic surface-mount small-outline (TSOP) package (DGE suffix). These packages are 
characterized for operation from 0°C to 70°C. 



PIN NOMENCLATURE 


A0-A8 


Address Inputs 


DQ0-DQ15 Data In/Data Out 


ESas 


Lower Column-Address Strobe 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


UCAS 


Upper Column-Address Strobe 


vcc 


5-V Supply 


VSS 


Ground 


W 


Write Enable 
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operation 
dualCAg 

Two CAS p ins (LCAS-UCAS) are provided to give independent control of the 1 6 data I/O pins (DQ0-DQ1 5) 
with LCAS corresponding to DQ0-DQ7and UCAS correspon ding to DQ8-DQ1 5. For read or write cycles, the 
column address is latched on the first xCAS falling edge. Each xCAS going l ow ena bles its corresponding DQx 
pins with data associated with the column address latche d on the first falling xCAS edge. A ll address setup and 
hold parameters are referenced to the first falling xCAS edge.T he delay time from xCAS low to valid data out 
(see parameter tQAC) [S measured from each individual xCAS to its corresponding DQx pins. 

In order to latch in a new column address, bot h xCAS pins must be brought high. The c olumn precharge time 
(see parameter tcp) is measured from the last xCAS rising edge to the first falling xCAS edge of the new cycle. 
Keeping a colum n address valid while toggling xCAS r equire s a minimum setup time, tcLCH- During tcLCH» at 
least one xCAS must be brought low before the other xCAS is taken high. 

For early-write cycle s, the data is latched on the fi rst falling edge of xCAS. Only the DQs that have the 
corresponding xCAS low are written into. Each xCAS must meet tpA S minim um in order to ensure writing into 
the storage cell. In order to latch a new address and new data, both xCAS pins must go high and meet top. 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multipl ex is eliminated. The maximum 
number of columns that can be accessed i s dete rmined by the maximum RAS low time and the xCAS 
page-mode cycle time used. With minimum xCAS page cycl e time , all 512 columns specified by column 
addresses AO through A8 can be accessed without intervening RAS cycles. 

Unlike c onve ntional page-mode DRAMs, the column-address buffers in thi s devic e are activated on the falling 
e dge of R AS. The buffers act as transparent or flow-through latches while xCAS is high. The first falling edge 
of xCAS latches the column addresses. This feature allows the devices to operate at a higher data bandwidth 
than conv entiona l page-mode parts because data retrieval begins as soon as column address is valid rather 
than when xCAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented i mmed iately after tRAH (row-address hold time) has been satisfied, u sually 
well in advance of the falling edge of xCAS. In this case, data is obtained after tQAC max (access time from xCAS 
low) if tAA max (access time from colu mn add ress) has been satisfied. In the event that column addresses for 
the next page cycle are valid at the time xCAS goe s high, minimum access time for the next cycle is determined 
b y *CPA (access time from rising edge of the last xCAS). 

address (A0-A8) 

Eighteen address bits are required to decode 1 of 262 1 44 storage cell locations. Nine row-address bits are set 
up on AO through A8 and latched onto the chip by RAS. Then, nine column-address bits are set up on AO through 
A8a nd l atched onto the chip by the first xCAS. All addresses must be stable on or before the falling edge of 
RAS a nd xOAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 
xCAS is used as a chip select, activating its corresponding output buffer and latching the address bits into the 
column-address buffers. 

write enable (W) 

The read or writemode is selected through W. A logic high on W selects the read mode and a logic low selects 
the write mode. W can be driven from the standard TTL circuits without apujlup resistor. The data input lines 
are disabled when the read mode is selected. When W goes low prior to xCAS (early write) , data out remains 
in the high-impedance state for the entire cycle, permitting a write operation with OE grounded. 
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data in (DQ0-DQ15) 

D ata is w ritten during a write or read-modify-write cycle. Depending on the mode of operation, the fallin g edge 
of xCAS or W strobes data into the on-chip data latch. In an early-write cycle, W is brought low prior to xCAS 
and the data is strobed in by the first oc curring xCAS with setup and hold times referenced^ to data in. In a 
delayed-write or read-modify-write cycle, xCAS is already low and the data is strobed in by W with setup and 
hold times referenced to data in. In a delayed-write or read-modify-write cycle, OE must be high to bring the 
output buffers to the high-impedance state prior to impressing data on the I/O lines. 

dataout(DQ0-DQ15) 

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Series 74 TTL lo ads. Data out is the same polarity as data in. The output is in the high-impedance (floating) 
state until xCAS and OE are brought low. In a read c ycle, th e output becomes valid after the access-time interval 
tcAC (which begins with the negative transition of xCAS) as long as tR^C and *AA are satisfied. 

output enable (OE) 

OE controls thejmpedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low during a norma l cyc le activ ates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and xCAS to be brought low for the o utput b uffers to go into the 
low-impedance state. They remain in the low-impedance state until either OE or xOAS is brought high. 

RAS-only refresh 

A refresh operation must be performed at least once every 8 ms (64 ms for TMS451 60P) to retain data. This 
can be achieved by strobing each of the 512 rows (A0-A8). A normal read or wri te cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding all xOAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidde n refresh can be performed while maintai ning v alid data at the output pin. This is accomplished by ho lding 
xOAS at V| L after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refr esh is utilized by bringing at least one xCAS low earlier than RAS (see p aramet er tcsR) and holding 
it low a fter R AS falls (see parameter tcHR) • For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

A low-power battery-backup refresh mode that requires less than 500-jiA refresh current is available on the 
TMS 45160P. Data integrity is maintained using xCBR refresh with a period of 125 pis holding 
RAS low for less than 1 \is. To minimize current consumption, all input levels must be at CMOS levels 
(V, LSS 0.2 V,V,h*V cc - 0.2 V). 

self refresh (TMS45160P) 

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then xCAS and RAS are both 
held low for a minimum of 1 00 jis. The chip is refreshed internally by an on-board oscillator. No external ad dress 
is re quired since the CBR counter is used to keep track of the address. To exit the self-refresh mode, both RAS 
and xCAS are brought high to satisfy tcHS- Upon exiting the self-refresh mode, a burst refresh (refresh a full set 
of row addresses) must be executed before continuing with normal operation. This ensures that the DRAM is 
fully refreshed. 
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power up 

To achieve proper device operation, an initial pause of 200 ps followed by a minimum of eight RAS cycles is 
requir ed after powe r up to the full Vqq level.These eight initialization cycles must include at least one refresh 
(RAS-only or xCBR) cycle. 
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logic symbol"!" 



AO 
A1 
A2 



16 
17 



18 



A3 



19 



A4 



22 



AS 



23 



A6 



24 



A7 
A8 



25 



26 



RAS- 



. 14 



LCAS 



UCAS 




29 



28 



W 

51 

DQO 

DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 
DQ8 

DQ9 
DQ10 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 



u# 13 



27 



RAM256Kx16 
20D9/21D0 ~ 



> A 



262143 



20D17/21D8 
>C20[ROW]' 

G23/[REFRESH ROW] 

24[PWR DWN] 
> C21 

G24 



--31 



> 23C22 



£4>C21 
G34 



31 



> 23C32 



Z31 



_ _ 24.25EN27 
23,21 D __ 34.25EN37 



G25 





A * 2D A, 226 - 
V 26,27 


4 




5 




7 




8 




9 




10 








32 


A- 320 A.Z36 . 
V 36,37 


33 




34 




36 




37 




38 




39 





t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and IEC Publication 61 7-1 2. 
The pin numbers shown are for the DZ package. 
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functional block diagram 



RAS UCAS LCAS W OE 

,M + M, 

I Timing and Control I 

I — 



A0- 
A1 - 



A8- 



Column- 
Address 
Buffers 



Row- 
Address 
Buffers 



16 < 



Column Decode 


Sense Amplifiers 


128K Array 


R 

0 


128K Array 


128K Array 


128K Array 


• • 


w 


• 


• 




• 


• 


D 


• 




e 






c 






0 






d 






e 




128K Array 




128K Array 



16 



>16 



16 I/O 
Buffers 



Data- 
in 
Reg. 



Data- 
in 
Reg. 



16 



16 



DQ0-DQ15 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Supply voltage range, Vqc • - 1 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 m A 

Power dissipation 1 W 

Operating free-air temperature range, Ta 0°Cto70°C 

Storage temperature range, T s t g - 55°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V$s Supply voltage 


0 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


- 1 0.8 


v 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'45160-60 
'45160P-60 


'45160-70 
'45160P-70 


'45160-80 
'45160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level output 
V ° H voltage 


•oh ■ - 5 mA 


2.4 


2.4 


2.4 


V 


w Low-level output 
V ° L voltage 


•OL = 4.2 mA 


0.4 


0.4 


0.4 


V 


. Input current 
1 (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


z lU 


x IU 


x IU 




. Output current 
10 (leakage) 


Vqc = 5.5 V, Vo = 0 V to Vcc. 
CAS high 


±10 


±10 


±10 


ma 


. +6 Read- or write-cycle 


Vcc - 5.5 V, Minimum cycle 


180 


160 


140 


mA 


ICC2 Standby current 


V| H «2.4VfTTL), 
After 1 memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


V|H = Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and xCAS high 


'45160 


1 


1 


1 


mA 


*451 60P 


350 


350 


350 


HA 


Average refresh 
'CC3* current (RAS-only 
refresh or CBR) 


Vcc = 5.5 V, Minimum cycle, 
(RAS only), RAS cycling, 
xCAS high (CBR only), 
RAS low after xCAS low 


180 


160 


140 


mA 


ICC4 T ^ Average page current 


Vcc -5.5 V,- tpc = MIN, 
RAS low, xCAS cycling 


160 


140 


120 


mA 


Battery-backup 
operating current 
Ices' (equivalent refresh 
time is 64 ms); 
CBR only 


tRC = 125ns, tRAS^I 1*. 
Vcc - 0.2 V as V|H^ 6.5 V, 
0 V « V|L * 0.2 V, W and OE * V|h, 
Address and data stable 


500 


500 


500 


MA 


lCC6^ Self-refresh current 


xCAS<0.2V, RAS<0.2V, 
tRAS and tcAS > 1 000 ms 


400 


400 


400 


HA 



t Measured with outputs open 

* Measured with a maximum of one address change while RAS = V|i_ 
§ Measured with a maximum of one address change while xCAS = V|h 
' For TMS45160P only 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz* (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


C,-(A) Input capacitance, AO- A8 


5 


PF 


Cj(OE) Input capacitance, OE 


7 


PF 


c i(RC) Input capacitance, xCAS and RAS 


7 


PF 


C|(W) Input capacitance, W 


7 


PF 


C 0 Output capacitance 


7 


PF 



* Capacitance measurements are made on a sample basis only. 
NOTE 3: Vcc = 5 V ± 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



rAKAMcTcn 


'45160-60 
'45160P-60 


'45160-70 
'45160P-70 


'45160-80 
'45160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tcAC Access time from xCAS tow 


15 


20 


20 


ns 


tAA Access time from column address 


30 


35 


40 


ns 


tR A C Access time from RAS low 


60 


70 


80 


ns 


*OEA Access time from 0E low 


15 


20 


20 


ns 


tQPA Access time from column precharge 


35 


40 


45 


ns 


tQLZ Delay time, xCAS low to output in low impedance 


0 


0 


0 


ns 


toFF Output disable time after xCAS high (see Note 4) 


0 15 


0 20 


0 20 


ns 


tQEZ Output disable time after OE high (see Note 4) 


0 15 


0 20 


0 20 


ns 



NOTE 4: tQFF ar, d tQEZ are specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) 





'45160-60 
'45160P-60 


'45160-70 
'45160P-70 


'45160-80 
'45160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, read (see Note 6) 


110 


130 


150 


ns 


two Cycle time, write 


110 


130 


150 


ns 


tRWC Cycle time, read-write/read-modify-write 


155 


185 


205 


ns 


tpc Cycle time, page-mode read or write (see Note 7) 


40 


45 


50 


ns 


tpRWC Cycle time, page-mode read-modify-write 


85 


90 


105 


ns 


tRASP Pulse duration, RAS low, page mode (see Note 8) 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, RAS low, nonpage mode (see Note 8) 


60 10000 


70 10 000 


80 10 000 


ns 


tQAS Pulse duration, xCAS low (see Note 9) 


15 10 000 


20 10 000 


20 10 000 


ns 


top Pulse duration, xCAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tyvp Pulse duration, write 


15 


15 


15 


ns 


tASC Setup time, column address before xCAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


o 


0 


ns 


*DS Setup time, data before W low (see Note 10) 


0 


0 


0 


ns 


*RCS Setup time, read before xCAS low 




0 


o 


ns 


tcwL Setup time, W low before xCAS high 




20 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


20 


20 


ns 


twCS Setup time, W low before xCAS low (see Note 1 1 ) 


0 


0 


0 


ns 



NOTES: 5. Timing measurements are referenced to V|l max and Vih rnin. 

6. All cycle times assume tf s 5 ns. 

7. To assure tpc min, tASC should be * tcp . 

8. In a read-modify-write cycle, tRWD and *RWL must De observed. 

9. In a read-modify-write cycle, tcvVD an d tCWL must be observed. 

10. Referenced to the later of xCAS or Win write operations 

11. Early-write operation only 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) (see Note 5) 





'45160-60 
'45160P-60 


'45160-70 
'45160P-70 


'45160-80 
45160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tcAH Hold time, column address after xCAS low (see Note 1 0) 


10 


15 


15 


ns 


tDHR Hold time, data after RAS low (see Note 1 2) 


30 


35 


35 


ns 


tDH Hold time, data after xCAS low (see Note 1 0) 


10 


15 


15 


ns 


*AR Hold time, column address after RAS low (see Note 1 2) 


30 


35 


35 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, read after xCAS high (see Note 1 3) 


0 


0 


0 


ns 


tRRH Hold time, read after RAS high (see Note 1 3) 


0 


0 


0 


ns 


t\A/CH Hold time, write after xCAS low (see Note 1 3) 


10 


15 


15 


ns 


tWCR Hold time, write after RAS low (see Note 1 4) 


30 


35 


35 


ns 


tCLCH Hold time, xCAS low to xCAS high 


5 


5 


5 


ns 


tAWD Delay time, column address to W low (see Note 1 5) 


55 


65 


70 


ns 


tcHR Delay time, RAS low to xCAS high (see Note 1 1 ) 


15 


15 


20 


ns 


tcRP Delay time, xCAS high to RAS low 


0 


0 


0 


ns 


tcsH Delay time, RAS low to xCAS high 


60 


70 


80 


ns 


tQSR Delay time, xCAS low to RAS low (see Note 1 1 ) 


10 


10 


10 


ns 


tQvVD Delay time, xCAS low to W low (see Note 15) 


40 


50 


50 


ns 


toEH Hold time, OE command 


15 


20 


20 


ns 


toED Delay time, OE high before data at DQ 


15 


20 


20 


ns 


tROH Delay time, OE low to RAS high 


10 


10 


TO 


ns 


tRAD Delay time, RAS low to column address (see Note 16) 


15 30 


15 35 


15 40 


ns 


tRAL Delay time, column address to RAS high 


30 


35 


40 


ns 


tcAL Delay time, column address to xCAS high 


30 


35 


40 


ns 


tRCD Delay time, RAS low to xCAS low (see Note 1 6) 


20 45 


20 50 


20 60 


ns 


tRPC Delay time, RAS high to xCAS low (see Note 1 1 ) 


0 


0 


0 


ns 


tRSH Delay time, xCAS low to RAS high 


IO 


Oft 


Oft 


ns 


tRWD Delay time, RAS low to W low (see Note 1 5) 


85 


100 


110 


ns 


*CPR Pu,se duration, xCAS precharge before self refresh 


0 


0 


0 


ns 


tRPS Pulse duration, RAS precharge after self refresh 


110 


130 


150 


ns 


tRASS Pu,se duration, self refresh entry from RAS low 


100 


100 


100 


\XS 


tcHS Hold time, xCAS low after RAS high (for self refresh) 


-50 


-50 


-50 


ns 


tREF Refresh time interval 


'45160 


8 


8 


8 


ms 


*451 60P 


64 


64 


64 


tr Transition time 


2 50 


2 50 


2 50 


ns 



NOTES: 5. Timing measurements ar e refere nced to V|l max and v*m min. 

1 0. Referenced in the later of xCAS or W in write operations. 

11. Early-write operation only 

12. The minimum value is measured when tRCD is set to tRCD m '" as a reference. 

1 3. Either tRRH or tRCH must be satisfied for a read cycle. 

14. xCBR refresh only 

1 5. Read-modify-write operation only 

1 6. Maximum value specified only to assure access time 
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PARAMETER MEASUREMENT INFORMATION 

1.31V Vcc = 5V 



Output Under Test 



C[_ = 1QOpF ^ 
(see Note A) 



R L = 218Q 



Output Under Test - 



CL = 100pF 
(see Note A) 



R1 = 828 Q 



R2 = 295 Q 



(a) LOAD CIRCUIT 

NOTE A: C|_ includes probe and fixture capacitance. 

Figure 1 . Load Circuits for Timing Parameters 



(b) ALTERNATE LOAD CIRCUIT 
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PARAMETER MEASUREMENT INFORMATION 

t RC 



RAS 



UCAS 



LCAS 



tASR 



A0-A8 



W 



DQ0-DQ15 




OE 

NOTES: A. In order to hold the address latched by the first xCAS going low, the parameter tcLCH must 06 met - 

B. Output can go from the high-im pedance state to an invalid-data state prior to the specified access time. 

C. tpAC ' 8 measured from xCAS to its corresponding DQx. 

D. xCAS order is arbitrary. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 





NOTES: A. In order to hold theaddress latched by the first xCAS going low, the parameter tcLCH must met - 

B. Later o f xCAS or W In write operations 

C. xCAS order is arbitrary. 



Figure 3. Write-Cycle Timing 
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NOTES: A. In orde r to hold the address latched by the first xCAS going low, the parameter tCLCH must De met. 
B. xCAS order is arbitrary. 

Figure 4. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

■ — — tRWC— 
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UCAS 



LCAS 



A0-A8 



W 



DQ8-DQ15 



OE 



DQ0-DQ7 




NOTES: A. In order to hold the address latched by the first xCAS going low, the parameter toLCH must 06 met - 

B. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

C. xCAS order is arbitrary. 

Figure 5. Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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See Note B 
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NOTES: A. tQAC ,s measured from xCAS to its corresponding DQx. 

B. A<x»ss time is tcpA 0|, tAA dependent. 

C. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-wrlte timing 
specifi cations are not violated. 

D. xCAS order is arbitrary. 

E. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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See Note B 
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NOTES: A. In order to hol d the a ddress latched by the first xCAS going low, the parameter tcLCH must be met. 

B. Refere nced to xCAS or W, whichever occurs last 

C. xCAS order is arbitrary. 

D. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modify-write timing 
specifications are not violated. 

Figure 7. Enhanced-Page-Mode Wrlte-Cycle Timing 
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NOTES: A. In order to hold the add ress lat ched by the first xCAS going low, the parameter tcLCH must 06 met - 

B. tQAC is measured from xCAS to its corresponding DQx. 

C. Outpu t can go from the high-impedance state to an invalid data state prior to the specified access time. 

D. xCAS order is arbitrary. 

E. A read or write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications are 
not violated. 

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



4-109 



TMS45160,TMS45160P 
262144-WORD BY 16-BIT HIGH-SPEED 
DYNAMIC RANDOM-ACCESS MEMORIES 

SMHS1 60D - AUGUST 1 992 - REVISED JUNE 1 995 __ 



PARAMETER MEASUREMENT INFORMATION 




NOTE A: All xCAS must be high. 



Figure 9. RAS-Only Refresh Timing 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 10. Hidden-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

|4 — — tRC ■ ~ : >\ 




DQ0-DQ15 Hl-Z 

NOTE A: Any xCAS can be used. 

Figure 11. Automatic-CBR- Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

N *RASS ►! 




NOTE A: Any xCAS can be used. 

Figure 12. Self-Refresh-Cycle Timing 



device symbolization (TMS45160 illustrated) 



Speed (-60, -70, -80) 

Low-Power/Self-Refresh Designator (Blank or P) 
Package Code 

Asembly Site Code 
Lot Traceablllty Code 
Month Code 
Year Code 
Die Revision Code 
Wafer Fab Code 



Tl 



^) TMS45160 



I 

DZ 



-SS 



W B Y M LLL P 
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This data sheet is applicable to all 
TMS45165/Ps symbolized with Revision "B" 
and subsequent revisions as described on 
page 4-134. 

Organization . . . 262144 x 16 
Single 5-V Supply (±10% Tolerance) 
Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 



DZ PACKAGE 
(TOP VIEW) 



DGE PACKAGE 
(TOP VIEW) 





TIME 


TIME 


TIME 


WRITE 




tRAC 


*CAC 


*AA 


CYCLE 




MAX 


MAX 


MAX 


MIN 


•45165/P-70 


70 ns 


20 ns 


35 ns 


130 ns 


'45165/P-80 


80 ns 


20 ns 


40 ns 


150 ns 


•45165/P-10 


100 ns 


25 ns 


45 ns 


180 ns 



v cc c 1 

DQOt 2 
DQ1 C 3 
DQ2E 4 
DQ3t 5 
V C C [ 6 
DQ4C 7 
DQ5C 8 
DQ6C 
DQ7C 
NCI 
LW t 
UW t 
RAS I 
NCt 
A0t 
Alt 
A2C 
A3[ 

Vcct 



40 ] V S S 
39 1 DQ15 
381 DQ14 
37 3 DQ13 
36 3 DQ12 
35 3 V ss 
34 3 DQ11 
33 3 DQ10 
32 3 DQ9 
31 3 DQ8 
30 3 NC 
29 3 NC_ 
28 3 CAS 
27 3 OE 
26 3 A8 
25 3 A7 
24 3 A6 
23 3 A5 
22 3 A4 
21 3 V S S 



VccC 1 
DQ0[ 2 
DQ1[ 
DQ2[ 
DQ3[ 

Vcct 

DQ4[ 
DQ5I 
DQ6[ 
DQ7[ 



NC[ 
LW t 
UW [ 
RAS[ 
NC[ 
A0[ 
A1[ 
A2[ 
A3[ 

Vccc 



44 ] V S S 
43] DQ15 
42b DQ14 
DQ13 
40h DQ12 
39 ] V S s 
38] DQ11 
37] DQ10 
36 ] DQ9 
35 ] DQ8 



13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



32} NC 
31 ] NC_ 
30] CAS 
29] OE 
28] A8 
27] A7 
26] A6 
25] A5 
24] A4 
23 ] V S S 



• Enha nced P age M ode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 
512-Cycle Refresh in 8 ms (Max) 
64 ms for Low Power With Self-Refresh 
Version (TMS45165P) 

• 3-State Unlatched Output 

• Lower Power Dissipation 

• Texas Instruments EPIC™ CMOS Process 

• All Inputs, Outputs and Clocks are TTL 
Compatible 

• High-Reliability Plastic 40-Lead 
400-Mil-Wide Surface Mount (SOJ) 
Package, and 40/44-Lead Thin Small 
Outline Package (TSOP) 

• Operating Free-Air Temperature Range 

0°Cto70°C 

• Low-Power With Self-Refresh 

• Upper and Lower Byte Control During Write 
Operations 

description 

The TMS451 65 series are high-speed, 4 1 94304-bit dynamic random access memories organized as 262 1 44 
words of sixteen bits each. 

The TMS45165P series are high-speed, low-power with self-refresh, 4194304-bit dynamic random-access 
memories organized as 262 1 44 words by sixteen bits each. 

They employ state-of-the-art enhanced performance implanted CMOS (EPIC ™) te chnology for high 
performance, reliability, and low power at low cost. These devices feature maximum RAS access times of 70 
ns, 80 ns, and 100 ns. Maximum power dissipation is as low as 660 mW operating and 11 mW standby on 
100 ns devices. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 



PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CAS 


Column Address Strobe 


DQ0-DQ15 


Data In /Data Out 


LW 


Lower Write Enable 


NC 


No internal Connection 


OE 


Output Enable 


RAS 


Row Address Strobe 


UW 


Upper Write Enable 


v C c 


5-V Supply 


vss 


Ground 



EPIC is a trademark of Texas Instruments Incorporated. 
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description (continued) 

The TMS451 65 and TMS451 65P are each offered in a 40-lead plastic surface mount SOJ (DZ suffix) package, 
and a 40/44-lead plastic surface mount TSOP (DGE suffix). These packages are characterized for operation 
from 0°C to 70°C. 

operation 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multip lex is thus eliminated. The 
maximum number of columns that can be acce ssed is determined by the maximum RAS low time and the CAS 
page-mode cycle time used. With minimum CAS page cycle time , all 512 columns specified by column 
addresses AO through A8 can be accessed without intervening RAS cycles. 

Unlike conven tiona l page-mode DRAMs, the column-address buffers in these devic es are activated on the 
fal ling e dge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge 
of CAS latches the column addresses. This feature allows the TMS45165 and TMS45165P to operate at a 
^ higher data bandwidth than conven tiona l page-mode parts, since data retrieval begins as soon as column 
q address is valid rather than when CAS transitions low. This performance improvement is referred to as 
^ enhanced page mode. Valid column address can be presented i mmed iately after tpAH ( row address hold time) 
W has been satisfied, us ually w ell in advance of the falling edge of CAS. In this case, data is obtained after tcAC 
2 max (access time from CAS low) if t^A max (access time from col umn a ddress) has been satisfied. In the event 
that column addresses for the next page cycle are valid at the time CAS goes high, access time for the n ext cycle 
is determined by the later occurrence of tcAC or *CPA (access time from rising edge of the last CAS). 

_ address (A0-A8) 



■n 
O 



Eighteen address bits are required to decode 1 of 262 1 44 storage cell locations. Nine row- addres s bits are set 
up on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then nine 
_ colum n-address bits are set up on pins AO through A8 and latched ont o the chip by the colu mn-address strobe 
^ (CAS). All addresses must be stable on or before the falling edge of RAS and CAS. RAS is similar to a chip 
S enab le in that it activates the sense amplifiers as well as the row decoder. In the TMS451 65 and TMS451 65P 
^ CAS is used as a chip select activating the output buffer, as well as latching the address bits into the 
■H column-address buffers. 

O write enable (UW, LW) 

^ The read or write mode is selected through the upper or lower write-enable (OW, D/V) input. LW controls 
DQ0-DQ7, and UW controls DQ8-DQ1 5. A logic high on the UW and LW input selects the read mode and a 
logic low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits without 
a pullup resistor. The data input is disabled when the read mode is selected. When UW or LW goes low prior 
to CAS (early write), data out remains in the high-impedance state for the entire cycle permitting a write 
operation with OE grounded. 

NOTE: Either UW or LW can be brought low in a given write cycle and only eight data bits are written into. The 
user can bring both UW and LW low at the same time and all 16 data bits are written into. 

data In (DQ0-DQ15) 

D ata is writte n during a write or read-modify-write cycle. Depending on the mode of operation, the falling edge 
of CAS , UW , or LW strobes data into the on-c hip data latch. In an early write cycle, UW or LW is brought low 
prior to CAS and the data is strob ed in by CAS with setup and hold times referenced to this signal. In a delayed 
write or re^d-modify-write cycle, CAS is already low, the data is strobed inJ>y_UW or LW with setup and hold 
times referenced to this signal. In a delayed write or read-modify-write cycle, OE must be high to bring the output 
buffers to high-impedance prior to impressing data on the I/O lines. The LW pin controls DQ0-DQ7. The UW 
pin controls DQ8-DQ1 5. 
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data out (DQ0-DQ15) 

The three-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Seri es 74 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state 
until CAS and OE are brought low. In a re ad cyc le the output becomes valid after the access time interval tcAC 
that begins with the negative transition of CAS as long as t RA Q and t£A are satisfied. 

output enable (OE) 

OE controls the impedance of the output buffers. When SE is high, the buffers remain in the high-impedance 
state. Bringing OE low durin g a n orm al cyc le activates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and CAS to be brought low for t he ou tput buffers to go into the low-impedance 
state, they remain in the low-impedance state until either 5E or CAS is brought high. 

RAS-only refresh 

A refresh operation must be performed at least once every eight milliseconds (64 ms for TMS451 65P) to retain 
data. This can be achieved by strobin g each of the 51 2 rows (A0-A8). A normal re ad or write cycle refreshes 
all bits in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) 
level, thus conserving power as the output buffer remains in the high-impedance state. Externally generated 
addresses must be used for a RAS-only refresh. 2 

hidden refresh O 

Hidd en refresh can be performed while maintai ning v alid data at the output pin. This is accomplished by ho lding H- 
CAS at V||_ after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only ^ 
refresh cycle. 2E 

CAS-before-RAS refresh (CBR) DC 

CBR refresh is utilized by bringing CAS low earlier than RAS (see para meter tcsR) and holding it low after RAS 
falls (see parameter tcHR)- F <> r successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. — 

A low-power battery-backup refresh mode that requires less than 300 pA refresh current is avai lable on the LLI 

TMS451 65R Data integrity is maintained using CBR refresh with a period of 1 25 ^is holding RAS low for less O 

than 1 ms. To minimize current consumption/all input levels must be at CMOS levels (V||_ * 0.2 V, Vih * Z 

V CC -0.2V). < 

self-refresh (TMS45165P) 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both ^ 
held low for a minimum of 1 00 ps. The chip is then refreshed internally by an on-board oscillator. No external 
addr ess is req uired since the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and CAS are brought high to satisfy tcHS- 
power up 

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight RAS cycles is 
required after power-up to the full Vqc level. 
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logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



RAS 



16 



17 



18 



19 



22 



23 



24 



25 



26 



RAM256Kx16 
20D9/21D0 



? A 



262 143 



20D17/21D8/I 

C20[ROW] 
G23/[REFRESH ROW] 
24[PWRDWN] 




A, Z26 - - 



A/Z27 



DQ14 

PQ15 39 < ► 



his symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown correspond to the DZ package. 
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functional block diagram 



RAS CAS UW LW OE 
I Timing and Control | 



A0- 
A1 - 



Column 
Address 
Buffers 



Row 
Address 
Buffers 



23 



16< 



Column Decode 


Sense Amplifiers 


128K Array 


R 
o 


128K Array 


128K Array 


128K Array 


• 


w 


• 


• 




• 


• 


D 


• 




e 






c 






0 






d 






e 




128K Array 




128K Array 



>16 



161/0 
Buffers 



Data 

In 
Reg. 



Data 
Out 
Reg. 



16 
16 



DQ0-DQ15 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range on any pin (see Note 1) - 1 V to 7 V 

Supply voltage range on Vqc • -1 Vto7V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range 0°Cto70°C 

Storage temperature range, T s t g - 55°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 

recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


Vss Supply voltage 


0 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'45165-70 
'45165P-70 


'45165-80 
'45165P-80 


'45165-10 
'45165P-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


iOH^-SmA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


l0L = 4.2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc - 5.5 V, V| = 0Vto6.5V, 
All other pins = 0 V to Vcc 


± 10 


± 10 


±10 


nA 


lO Output current (leakage) 


VCC-5.5V, Vo = 0VtoVcc. 
CAS high 


±10 


±10 


±10 


MA 


. _ Read or write cycle 
CC1 current (see Note 3) 


Vcc = 5.5 V, Minimum cycle 


160 


140 


120 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL) 
After 1 memory cycle, 
RAS and CAS high 


2 


2 


2 


mA 


V|H = Vcc -0.2 V (CMOS) 
After 1 memory cycle, 
RAS and CAS high 


'45165 


1 


1 


1 


mA 


'451 65P 


200 


200 


200 


HA 


Average refresh current 
ICC3 (RAS only or CBR) 
(see Note 3) 


Vcc = 5.5 V, Minimum cycle, 
(RAS only), RAS cycling, 
CAS high (CBR only) 
RAS low after CAS low 


160 


140 


120 


mA 


. + Average page current 
' CC4 (see Note 4) 


Vcc = 5.5 V, tpc = minimum, 
RAS low, CAS cycling 


160 


140 


120 


mA 


Battery backup 
. j operating current 
^ C5 (equivalent refresh time 

is 64 ms) (CBR only) 


tRC = 125jiS, tRAS*1|*s. 
Vcc - 0.2 V*V| H * 6.5 V, 
0VsV|L*0.2V, UW, LWandOE=V| H , 
Address and data stable 


300 


300 


300 


HA 


Se 'f refresh current 


CAS<0.2V, RAS<0.2V, 
Measured after tpASS minimum 


200 


200 


200 


MA 



t Measured with outputs open 

* For TMS45165P only __ 
NOTES: 3. Measured with a maximum of one address change while RAS ■ V|j_ 



4. Measured with a maximum of one address change while CAS = V|h 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, A0-A8 


5 


PF 


c i(OE) Input capacitance, OE 


7 


PF 


Cj(RC) Input capacitance, CAS and RAS 


7 


PF 


Cj(W) Input capacitance, W 


7 


PF 


Cq Output capacitance 


7 


PF 



NOTE 5: Vcc = 5 V ± 0.5 V and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 





PARAMETER 


'45165-70 
'46165P-70 


'45165-80 
'46165P-80 


HOI OO-l u 

'46165P-10 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN MAX 




tCAC 


Access time from CAS low 


20 


20 


25 


ns 


tAA 


Access time from column address 


35 


40 


45 


ns 


tRAC 


Access time from RAS low 


70 


80 


100 


ns 


tOEA 


Access time from OE low 


20 


20 


25 


ns 


tCPA 


Access time from column precharge 


40 


45 


50 


ns 


tCLZ 


CAS low to output in the low-impedance state 


0 


0 


0 


ns 


*OFF 


Output disable time after CAS high (see Note 6) 


0 


20 


0 


20 


0 25 


ns 


tOEZ 


Output disable time after OE high (see Note 6) 


0 


20 


0 


20 


0 25 


ns 



NOTE 6: trjFF and tQEZ are specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


'45165-70 
'45165P-70 


'45165-80 
'45165P-80 


'45165-10 
'45165P-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, read (see Note 8) 


130 


150 


180 


ns 


twc Cycle time, write 


130 


150 


180 


ns 


tRwe Cycle time, read-modify-write 


185 


205 


245 


ns 


tpc Cycle time, page-mode read or write (see Note 9) 


45 


50 


55 


ns 


tPRWC Cycle time, page-mode read-modify-write 


90 


105 


120 


ns 


tRASP Pulse duration, page mode, RAS low (see Note 1 1 ) 


70 100 000 


80 100 000 


100 100 000 


ns 


*RAS Pu,se duration, nonpage mode, RAS low (see Note 11) 


70 10 000 


80 10 000 


100 10 000 


ns 


*CAS Pulse duration, CAS low (see Note 10) 


20 10 000 


20 10 000 


25 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


50 


60 


70 


ns 


twp Pulse duration, write 


15 


15 


20 


ns 


USC Setu P tjme > column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tQS Setup time, data before xW low (see Notel 2) 


0 


0 


0 


ns 


*RCS Setup time, read before CAS low 


0 


0 


o 


ns 


tcwL Setu P time » low before CAS high 


20 


20 


25 


ns 


tRWL Setup time, xW low before RAS high 


20 


20 


25 


ns 


Setup time, xW low before CAS low 
WCS (early-write operation only) 


0 


0 


0 


filS 



NOTES: 7. Timing measurements are referenced to V||_ max and V|h min. 

8. All cycle times assume tj = 5 ns. 

9. tpc > tcp min + tcAS m ' n + 

1 0. In a r ead-modify-write cycle, tcwD and *CWL must De observed. Depending on the user's transition times, this can require additional 
CAS low time (tcAS)- 

1 1 . In a r ead-modify-write cycle, tRWD and tRWL must De observed . Depending on the user's transition times, this can require additional 
RAS lo w time (tRAs). 

12. Later of CAS or xW in write operations 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) (concluded) 





PARAMETER 


'45165-70 
'45165P-70 


'45165-80 
'45165P-80 


'45165-10 
'45165P-10 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 






Hold time column address after CAS low fsaa Note 12) 

1 IwlVI 411 1 1 Wj WSIUIIIII QVJvll www Cll Iwl V^/»w lUn yOww 1 lvlw 1 fcy 


15 


15 


20 




^DHR 


Hold tima data after R AS low feaa Nota 1 

I tWIU ill 1 |Q| VJCIld dl Iwl rlAW IwW ^Oww liviv / 


35 


35 


45 




tnu 


Hold time, data after CAS low (see Note 1 2) 


15 


15 


20 


ns 


♦ad 


Hold time, column address after RAS low (see Note 13) 


35 


35 


45 


ns 


to A LI 


Hold time row address after RAS low 


10 


10 


15 


ns 


*RCH 


Hold timo road after OAS hinh /eaa Mote 1 A\ 

ilUlU III HO, IOCIU CMlOl Vy/AO iiiyii ^OOO INUlO \*rj 


0 


0 


0 


ns 


tRRH 


Hold timo raad after RAS hinh /coa Mote 1A\ 
nuiu wile, loau etiloi n/AO iiiyii yotn? inuio \*r) 


0 


0 


0 


ns 


tWCH 


nuiu iiiiio, wiiio aiioi wno iuw \ociriy-wriio uUwTciiiuri uniyj 


15 


15 


20 


ns 


*WCR 


Hold tima write aftar RAS low fcaa Note 1 31 

IlUlU WHO, w¥l llw Cll Iwl rv\w IV/VV yOww IVULw 1 wy 


35 


35 


45 




^OEH 


Hold tima OF command 

1 lwlvl WHO, t wUIHHICUlU 


20 


20 


25 




*AWD 


Dalav tima column addrass to vW low tsaa Note 1 !S\ 

WIQ Jf llll 1 w, VvlUI III! QVJvllwww Iv At" IwW ^wwv 1 1 vlv 1 wl 


65 


70 


80 


ns 




Delay time, RAS low to CAS high (CBR refresh only) 


15 


20 


20 


ns 


tODD 


Delay time, CAS high to RAS low 


0 


0 


0 


ns 


*v/on 


Delay time, RAS low to CAS high 


70 


80 


100 


ns 


tr*ep 


Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 


tr»\A/n 


Delay time, CAS low to xW low (see Note 16) 


50 


50 


60 


ns 


KJcu 


Dalav tima OF hinh bafora data at DO 

l^wldjf III llw, V/U lll^ll fc/w Iwl w wQlG GU L^Vm 


20 


20 


25 


ns 


l nUM 


Delay time, OE low to RAS high 


10 


10 


10 


ns 


to ah 


Delay time, RAS low to column address (see Note 1 6) 


15 


35 


15 


40 


20 


55 


ns 


tPAl 


Delay time, column address to RAS high 


35 


40 


45 


ns 




Dalav tima column addrass to OAS hinh 

i^wiciy mi iiw, ww iwl iiii hviuiww iv/ wnw 111^11 


35 


40 


45 


ns 




Delay time, RAS low to CAS low (see Note 1 6) 


20 


50 


20 


60 


25 


75 


ns 




Delay time, RAS high to CAS low (CBR refresh only) 


0 


0 


0 


ns 


*RSH 


Delay time, CAS low to RAS high 


20 


20 


25 


ns 


tRWD 


Delay time, RAS low to xW low (see Note 1 5) 


100 


110 


135 


ns 


tCPR 


CAS precharge before self refresh 


0 


0 


0 


ns 


tRPS 


RAS precharge after self refresh 


130 


150 


180 


ns 


tRASS 


Self-refresh entry from RAS low 


100 


100 


100 


us 


tREF 


Refresh time interval (TMS451 65 only) 


8 


8 


8 


ms 


tREF 


Refresh time interval, low power (TMS451 65P only) 


64 


64 


64 


ms 


tCHS 


CAS low hold time after RAS high 


-50 


-50 


-50 


ns 




Transition time 


2 


50 


2 


50 


2 


50 


ns 



NOTES: 7. Timing measu rements are referenced to V|l max and Vm min. 

1 2. Later of CAS or xW in write operations 

1 3. The minimum value is measured when tRCD is set to tpQp min as a reference. 

14. Either tRRH or tpoH m ust be satisfied for a read cycle. 

15. Read-modify-write operation only 

1 6. Maximum value specified only to assure access time. 
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PARAMETER MEASUREMENT INFORMATION 



1.31V 



V C C*5V 



Output Under Test 



CL = 100pF 7fZ 
(see Note A) 



R L = 218G 



Output Under Test 



CL = 100pF 
(see Note A) 



Rl = 828 Q 



R 2 ■ 295 Q 



(a) LOAD CIRCUIT 

NOTE A: C|_ includes probe and fixture capacitance. 

Figure 1 . Load Circuits for Timing Parameters 



(b) ALTERNATE LOAD CIRCUIT 
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> 

I 

Z 

o 
m 

z 
ti 
o 

3D 



PARAMETER MEASUREMENT INFORMATION 

— ' — *RC ; : : 




A0-A8 



y\AAAAAH/yyy\/- 
UW,LW <> Don't Care W/ 

aaaaaaaaaaX 



-tRCS-^l I ! } H— »|" t RRH 



tCAC" 



?AA- 



VAAAAAA/ 
Don't Care 

AAAAAAA. 



tCLZH^- 



I 



DQ0-DQ15 



See Note A 

tRAC — 

W- tQEA 



It— h 
L 



-tOFF' 



Valid Data Out 



> 



~*-toEZ 



Of 



' tROH ■ 



/ 



NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

twc 



RAS 



CAS 



A0-A8 



UW, LWt 



DQ0-DQ15* 



5£ 




w— 

M 

I 


*dhr4- 

- t D S 


W— «DH— W 


{ 


Data In 






> 



vwww 

Don't Care 

W W w W %, W % 



It 

O 

LL 



LU 

o 
z 

Q 
< 



t Either UW or LW can be brought low and the user can write into eight DQ locations, or UW and LW can be brought low at the same time and 

all 16 DQ locations are written into. 
* All DQ pins remain in the high-impedance state for an early-write cycle. 

Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



UW, LWt 



DQ0-DQ15* 



OE 



- tRAS - 



-*wc- 



tRSH " 



" tRCD " 



tASC -M- 



tCSH 

r* — 



-tcAS- 



tRAH-fH W- 
*ASR 



-} «AR 



I Row I 



I 

tRAD-fC- 



Column 



r 

tCAH-W 



*RP 

-tcRp- 



■tcp- 



tRAL 



*CAL 



wwws; 

Don't Care 

vv vvvv; 




vJvww 

Don't Care > 



- tcWL — 
— tRWL ■ 



I 



(8 



tDS~>| 
Note A) | 



VWWW 
Don't Care 

./w\/\/\/\/\/v 



I 



*DHR — 
- *WCR 



See Note A 
*PH -fl 




A A Jl A A A 

Don't Care 

AAAAAAA, 



I Valid Data In 



T 



WWWW 
Don't Care 

/yvvvvvy 




tOED->l 



tOEH" 




VWWW 
Don't Care 

r v v v v v v y 



t Either UW or LW can be brought low and the user can write into eight DQ locations, or UW and LW can be brought low at the same time and 

all 1 6 DQ locations are written into, 
i All DQ pins rema in in t he high-impedance state while OE is high. 
NOTE A: Later of CAS or xW in write operations. 

Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A8 



UW, LWt 



DQ0-DQ15* 




t Either UW or LW can be brought low and the user can write into eight DQ locations, or UW and LW can be brought low at the same time and 

all 16 DQ locations are written into. 
* All DQ pins remain in the high-impedance state for an early-write cycle. 

Figure 5. Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

t RP -*| ft- 




NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. Access time is tQPA or *AA dependent. 

C. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 
specifications are not violated. 

Figure 6. Enhanced Page-Mode Read-Cycle Timing 
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RAS 



CAS 



A0-A8 



UW 



LW 



DQ8-DQ15 



DQ0-DQ7 



OE 



PARAMETER MEASUREMENT INFORMATION 

- tRASP • 




vwww 

Don't Care 

/wwwx/v/wx/ 



wwvwwy 

Don't Care X> 



NOTES: A. Later of CAS or xW in write operations. 

B. A read-cycle or read-modify-write cycle can be mixed with the write cycles as long as the read and read-modify-write timing 
specifications are not violated. 

Figure 7. Enhanced Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



* p -+\ r»- 




2 NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read- or write cycle can be intermixed with read-modify-write cycles as long as the read and write cycle timing specifications 
are not violated. 

C. Access time is tcPA or tAA dependent. 



Figure 8. Enhanced Page-Mode Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



i r*- tRAs -*i 



tRC 



RAS 



A0-A8 



tCRP -f*- 

I 



]si yr 



Don't Care 

V/wx/wwwwx 



Don't Care 



*ASR 



- *RP 
tRPC 



A. 



^ *f l RAH 



Row 



\AAAAAA, 

Don't Care 



Row 



\AAAAAA; 

Don't Care 

rw w ww w wv 



UW.LW 



DQ0-DQ15 



OE 



v w w w 
Don't Care 



kAAAAA/U ' 

Don't Care 



Figure 9. RAS-Only Refresh-Cycle Timing 



o 
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o 
z 
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PARAMETER MEASUREMENT INFORMATION 



> 

z 

o 
m 



■n 
O 
D 

o 




4 — Refresh Cycle — fc 
Memory Cycle — ^ |4 — Refresh Cycle 

tRP-rt — -n ^p-K — i 



' t RA s -In* 



n i IT n ! ! ! 



*CAS 



~*| ^ t A SR|i 

J lj * *CAH 



I I 



A0-A8 < 




[RowXCol 



\AAAAAAA/ 

Don't Care 



i! I 1 



UW, LW 



DQ0-DQ15 , 



I I 

f-* 1 r*- tcAc 

| k— >t- tAA 
tRAC — 1^ H 



OE 



|*~~ *RRH 



Don't Care 



Valid Data Out 



W N tQEA 



tCHR 





I 

tOFF 



> 



|«— tQEZ ->1 



Figure 10. Hidden-Refresh-Cycle Timing 
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RAS 



CAS 



PARAMETER MEASUREMENT INFORMATION 

t RC 



tRP * ^ # . 

L J f *ras H I 

/ X L f 



! -4 

tRPC — fJ M— | I 



| ] ft t CH R ^ 



uw.Ov <XXXXXXXXXXXXXXXXXXXXXXXXX>< Don't car. 

/VYYVVVV\ 



DQ0-DQ15 Hl-Z O 

NOTE A: 512 CBR cycles must be used for CBR counter test. 2 

Figure 11 . Automatic-CBR-Refresh-Cycle Timing ~~ 

UJ 

O 

z 

Q 
< 
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PARAMETER MEASUREMENT INFORMATION 



> 

D 

§ 

Z 

o 
m 

z 
n 
O 

DO 



RAS 



CAS 



A0-A8 



UW.LW 



OE 



DQ0-DQ15 



tRPC -W P\ | 



-tCPR- 






tOFF 



>oh'i Care* 
AAAAAA 




yvwv 

Don't Care 




vvyyvv 1 

Don't Care x 

MAMA 



. Hl-Z - 



Figure 12. Self-Refresh-Cycle Timing 



5 

5 
z 



device symbolization 



n 



p -ss 



^) TMS4S165DZ 



I 



W BP XXX LLL 



■Speed Code 

- Power/Self-Refresh Code 



- Package Code 



• Lot Traceabllity Code 
■ Month Code 



- Assembly Site Code 



- Die Revision Code 
-Wafer Fab Code 
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Electrical characteristics for TMS416400/P and 
TMS417400/P is Production Data. Electrical 
characteristics for TMS426400/P and 
TMS427400/P is Product Preview only. 

• Organization . . . 4194304 x 4 

• Single 5 V Power Supply for TMS41x400/P 
(±10% Tolerance) 

• Single 3.3 V Power Supply for 
TMS42x400/P (±0.3 V Tolerance) 

• Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 





TIME 


TIME 


TIME 


WRITE 




tRAC 


tCAC 


tAA 


CYCLE 




MAX 


MAX 


MAX 


MIN 


'4xx400/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


'4XX400/P-70 


70 ns 


18 ns 


35 ns 


130 ns 


'4xx400/P-80 


80 ns 


20 ns 


40 ns 


150 ns 



• Enha nced P age-M ode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period and Self-Refresh 
Option (TMS4xx400P) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• High-Reliability Plastic 24/26-Lead 
300-MH-Wide Surface-Mount Small-Outline 
J-Lead (SOJ) Package and 24/26-Lead 
Surface-Mount Thin Small-Outline Package 
(TSOP) 

• Operating Free-Air Temperature Range: 

0°C to 70°C 

• EPIC™ (Enhanced Performance Implanted 
CMOS) Technology 

description 

The TMS4xx400 is a set of high-speed, 
1 677721 6-bit dynamic random-access memories 
organized as 4194304 words of 4 bits each. The 
TMS4xx400P series are high-speed, low-power, 
self-refresh, 16777216-bit dynamic random- 
access memories organized as 4 1 94 304 words of 
4 bits each. The TMS4xx400 and TMS4xx400P 
employ state-of-the-art EPIC™ (Enhanced 
Performance Implanted CMOS) technology for 
high performance, reliability, and low power. 



DJ PACKAGE 
(TOP VIEW) 



DGA PACKAGE 
(TOP VIEW) 



VccC 


1 


U 26 


DQ1 C 


2 


25 
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PIN NOMENCLATURE 



A0-A1lt 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ4 


Data In /Data Out 


OE 


Output Enable 


NC 


No Internal Connection 


RAS 


Row-Address Strobe 


vcc 


5-V or 3.3-V Supply* 


vss 


Ground 


W 


Write Enable 



tA11 isNCforTMS4x7400/P. 
* See Table 1. 



AVAILABLE OPTIONS 







SELF 




DEVICE 


POWER 


REFRESH 


REFRESH 


SUPPLY 


BATTERY 
BACKUP 


CYCLES 


TMS416400 


5V 




4096 in 64 ms 


TMS416400P 


5V 


Yes 


4096 in 128 ms 


TMS417400 


5V 




2048 in 32 ms 


TMS417400P 


5V 


Yes 


2048 in 128 ms 


TMS426400 


3.3 V 




4096 in 64 ms 


TMS426400P 


3.3 V 


Yes 


4096 in 128 ms 


TMS427400 


3.3 V 




2048 in 32 ms 


TMS427400P 


3.3 V 


Yes 


2048 in 128 ms 



These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 



EPIC is a trademark of Texas Instruments IncorDorated, 



UNLESS OTHERWISE NOTED this doeunwnt contains PRODUCTION ■ . Copyright © 1 995, Texas Instruments Incorporated 

DATA Information currant aa of publication data. Product* conform to — arfj, 

apaclflcatJona par tha tsrma of Taxaa Inatrumanta atandard warranty. ▼9*9 TVfVAC 

Production proeaaalng doaa not nacaaaarUy Includa taatJng of all If IJtl/Vr\0 

Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 4-135 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 

SMKS881A-MAY1995-REVISEDJUNE1995 



description (continued) 

The TMS4xx400 and TMS4xx400P are each offered in a 24/26-lead plastic surface-mount TSOP (DGA suffix) 
package and a 24/26-lead plastic surface-mount SOJ (DJ suffix) package. These packages are characterized 
for operation from 0°C to 70°G. 



operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multiplex is elim inated. The 
maximum number of columns that can be accessed is determined by tpASP * he maximum RAS low time. 

Unlike conven tiona l page-mode DRAMs, the column-address buffers in these devic es are activated on the 
fal ling e dge of RAS, The buffers act as transparent or flow-through latches while CAS is high. The falling edge 
of CAS latches the column addresses and enables the output. This feature allows the devices to operate at a 
higher data bandwidth than conventi onal p age-mode parts because data retrieval begins as soon as the column 
address is valid rather than when CAS transitions low. This performance improvement is referred to as 
enhanced page mode. A valid column address can be pres ented immediately after row-address hold time has 
been satisfied, us ually w ell in advance of the falling edge of CAS. In this case, data is obtained after tcAC max 
(access time from CAS low) if Xpj^ max (access time from colum n addr ess) and tpAC have been satisfied. In the 
event that column address for the next cycle is valid at the time CAS goes high, access time for the next cycle 
is determined by the later occurrence of tcRA or Xcac- 

address: A0-A11 (TMS4x6400/P) and A0-A10(TMS4x7400/P) 

Twenty-two address bits are required to decode 1 of 4 1 94304 storage cell locations. For the TMS4x6400 and 
TMS4x6400P, 1 2 row-address bits are set up on AO through A1 1 and latched onto the chip by the row-address 
strobe (RAS). Ten column-address bits are set up on AO through A9. For TMS4x7400 and TMS4x7400P, 11 
row-address bits are set up on inputs AO through A1 0 and latched onto the chip by RAS. Eleven c olum n-ad dress 
bits a re set up on AO through A1 0. All addresses must be stable on or before the falling edge of R AS an d CAS. 
RAS is similar to a chip enable because it activates the sense amplifiers as well as the row decoder. CAS is used 
as a chip select, activating the output buffers and latching the address bits into the column-address buffers. 

write enable (W) 

The read or write mode is selected through W. A logic high on W selects the read mode^and a logic low se lects 
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to CAS 
(early write) , data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
OE grounded. 

data In (DQ0-DQ3) 

D ata is written during a write or read-modify-write cycle. Depending on the mode of operation, the f alling e dge 
of CAS or W strobes data i nto th e on-chip data latch. In an early-write cycle, W is brought low prior to CAS, and 
the data is strobed in by CA S with setup and hold times referenced Jo this signal. In a delayed-write or 
read-modify-write cycle, CAS is already low, and the data is strobed in by W with setup and hold time referenced 
to this signal. In a delayed-write or read-modify-write cycle, OE must be high to bring the output buffers to the 
high-impedance state prior to impressing data on the I/O lines. 

data out (DQ0-DQ3) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until CAS and OE 
are brought low. In a read cycle , the output becomes valid after the access time interval Icac (which begins with 
the negative transition of CAS) as long as tpAC an d *AA are satisfied. 
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RAS-only refresh 
TMS4X6400, TMS4x6400P 

A refresh operation must be performed at least once every 64 ms (1 28 ms for TMS4x6400P) to retain data. This 
can be achieved by strobing e ach of the 4096 rows (A0-A11). A normal rea d or w rite cycle refreshes all bits 
in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

TMS4X7400, TMS4X7400P 

A refresh operation must be performed at least once every 32 ms (1 28 ms for TMS4x7400P) to retain data. This 
can be achieved by strobing e ach of the 2048 rows (A0-A1 0). A normal rea d or w rite cycle refreshes all bits 
in each row that is selected. A RAS-only operation can be used by holding CAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidd en refresh can be performed while maintai ning v alid data at the output pin. This is accomplished by ho lding 
CAS at V||_ after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored, and the refresh address is generated internally. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see para meter tpsR) and holding it low after RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored, and the refresh address is generated internally. 

battery-backup refresh 

TMS4X6400P 

A low-power battery-backup refresh mode that requires less than 500 mA (5 V) or 350 mA (3.3 V) refresh current 
is avail able o n the TMS4x6400R Data integrity is maintained using CBR refresh with a period of 31 .25 us while 
holding RAS low for less than 1 >is. To minimize current consumption, all input levels must be at CMOS levels 
(V, L < 0.2 V, V,h>V C c- 0.2 V). 

TMS4X7400P 

A low-power battery-backup refresh mode that requires less than 500 mA (5 V) or 350 \xA (3.3 V) refresh current 
is avail able o n the TMS4x7400P. Data integrity is maintained using CBR refresh with a period of 62.5 ms while 
holding RAS low for less than 1 ps. To minimize current consumption, all input levels must be at CMOS levels 
(V, L < 0.2 V,V, H >Vcc- 0.2 V). 

self refresh (TMS4xx400P) 

The self-refresh mode is entered by dropping CAS low prior to RAS going low. Then CAS and RAS are both 
held low for a minimum of 100 ys. The chip is then refreshed internally by an on-board oscillator. No external 
addr ess is req uired because the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and CAS are brought high to satisfy tcHS- u P on exiting self-refresh mode, a burst refresh (refresh a 
full set of row addresses) must be executed before continuing with normal operation. The burst refresh ensures 
the DRAM is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 [is followed by a minimum of eight initialization cycles 
i s requ ired after power up to the full Vqc level. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 
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test mode 

The test mode is initiated with a CBR-refresh cycle while simultaneously holding the W input low. The entry cycle 
performs an internal refresh cycle while internally setting the device to perform parallel read or write on 
subsequent cycles. While irrthe test mode, any da ta sequence can be performed. The device exits test mode 
if a CBR refresh cycle with W held high or a RAS-only refresh cycle is performed. 

In the test mode, the device is configured as 1 024K bits x 4 bits for each DQ. Each DQ pin has a separate 4-bit 
parallel read and write data bus that ignores column addresses AO and At . During a read cycle, the four internal 
bits are compared for each DQ pin separately. If the four bits agree, DQ goes high; if not, DQ goes low. During 
a write cycle, the data states of all four DQs must be the same to ensure proper function of the test mode. Test 
time is reduced by a factor of four for this series. 




NOTE A: The states of W, data in, and address are defined by the type of cycle used during test mode. 



Figure 1. Test-Mode Cycle 
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logic symbolt 



RAS 



DQ1 

DQ2 
DQ3 
DQ4 




CAS 


25 ( 


, 1^ 






W 
OE 


4 ( 




22 





RAM 4096 K x 4 
20D10/21D0 



> A 



4194303 



20D19/21D9 



^f> C20 [ROW] 

G23/[REFRESH ROW] 
24 [PWR DWN] 
J^J 5 " C21 [COLUMN] 
G24 



& 



> 23C22 
24,25 EN 



G25 



2 


A.22D 

V26 A,Z26- 




-< 


3 O 










-a — ^ 





t This symbol Is in accordance with ANSI/IEEE Std 91 -1 984 and IEC Publication 647-1 2. 
* A1 1 is NC for TMS4X7400 and TMS4x7400P. 
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functional block diagram 
TMS4X6400/P 



A0- 

A1 - 



A11 



Column- 
Address 
Bufferst 



Row- 
Address 
Buffers 



10 



III 



RAS CAS W 0E 

,+ + i + , 

| Timing and Control | 



Column Decode 



Sense Amplifiers 



256K Array 



256K Array 



256K Array 



> 64 



I/O 
Buffers 



Data- 
in 
Reg. 



Data- 
Out 
Reg. 



DQ1-DQ4 



12 



t Column addresses A10 and A11 are not used. 



TMS4X7400/P 



RAS CAS W OE 

A * + I, 

| Timing and Control I 

™- 



A10 




Data- 
in 
Reg. 


4 


4 




Data- 
Out 
Reg. 





DQ1-DQ4 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, V cc : TMS41x400, TMS41x400P -1Vto7V 

TMS42X400, TMS42X400P -0.5 V to 4.6 V 

Voltage range on any pin (see Note 1): TMS41x400, TMS41x400P - 1 V to 7 V 

TMS42x400, TMS42X400P - 0.5 V to 4.6 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$$. 



recommended operating conditions 





TMS41X400 


TMS42X400 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Vcc Supply voltage 


4.5 5 5.5 


3 3.3 3.6 


V 


Vss Supply voltage 


0 


0 


V 


V|[-j High-level input voltage 


2.4 6.5 


2 Vcc + 0-3 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


-0.3 0.8 


V 


Ta Operating free-air temperature 


0 70 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



TMS416400/P 



PARAMETER 


TEST CONDITIONSt 


'416400-60 
'416400P-60 


'416400-70 
'416400P-70 


'416400-80 
'416400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


lOH = ~ 5 m A 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


lOL ■ 42 m A 


0.4 


0.4 


0.4 


V 


i Input current 
1 (leakage) 


Vcc^S.SV, V| = 0Vto6.5V t 
All others = 0VtoVcc 


±10 


±10 


±10 


yJK 


. Output current 
10 (leakage) 


Vqc = 5.5 V, Vo^OVtoVcc. 
CAS high 


±10 


±10 


±10 




. ^§ Read- or write-cycle 
CC1 current 


Vcc = 5.5V, Minimum cycle 


80 


70 


60 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RA3 and €AS high 


2 


2 


2 


mA 


V|H « Vcc - 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


•416400 


1 


1 


1 


mA 


'416400P 


500 


500 


500 


\iA 


'CC3*^ current (RAS-only 
refresh or CBR) 


Vqq = 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


80 


70 


60 


mA 


Average page current 


Vqq* 5.5 V, tpcf MIN, 
RAS low, CAS cycling 


70 


60 


50 


mA 


ICC6* Self-refresh current 


CAS<0.2V, RAS<0.2V, 
Measured after XraSS min 


500 


500 


500 


M 


Battery back-up 
operating current 
'CC1 0* (equivalent refresh 
time is 128 ms); CBR 
only 


_rc-31.25|j8, tRAS*1 1*. 
Vcc - 0.2 V a: V|H* 6.5 V, 
0 V s V|L * 0.2 V, W and OE = V|h, 
Address and data stable 


500 


500 


500 


M 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 
1 Measured with a maximum of one address change while CAS = V|h 

* For TMS416400P only 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 



TMS417400/P 



PARAMETER 


TEST CONDITIONS t 


'417400-60 
'417400P-60 


'417400-70 
'417400P-70 


'417400-80 
'417400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
V ° H voltage 


lOH = ~ 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


lOL - 4 2 mA 


n a 




n a 


V 


. Input current 
' (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±10 


±10 


±10 


HA 


Output current 
0 (leakage) 


VqC = 5.5 V, Vo = OVtoVcc. 
CAS high 


±10 


±10 


±10 


|iA 


| rri t§ Read -° r 

wrrte-cycle current 


Vcc = 5.5 V, Minimum cycle 


110 


100 


90 


mA 


•CC2 Standby current 


V| H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


2 


2 


2 


mA 


V|H = VCC -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


'417400 


1 


1 


1 


mA 


'417400P 


500 


500 


500 


!xA 


Average refresh 
IqC3*^ current (RAS-only 
refresh or CBR) 


Vqc - 5.5 V, Minimum cycle, 
RAS cycling, CAS high (RAS only), 
RAS low after CAS low (CBR) 


110 


100 


90 


mA 


{cr AH Average page 
' CC4 current 


Vq£ = 5.5V, tpc = MINI, 
RAS low, CAS cycling 


70 


60 


50 


mA 


•CC6* Self-refresh current 


CAS<0.2V, RAS<0.2V, 
Measured after tRASS min 


500 


500 


500 


»iA 


Battery back-up 
operating current 
'CC10* (equivalent refresh 
time is 128 ms); 
CBR only 


tRC * 62.5 |as, tRAS * 1 US, 
Vqc - 0.2 V*V|H* 6.5 V, 
0V*V|l«0.2V, WandOE*V|H, 
Address and data stable 


500 


500 


500 


HA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 
K Measured with a maximum of one address change while CAS = Vm 

* For TMS417400P only 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 



TMS426400/P 



PARAMETER 


TEST CONDITIONSt 


'426400-60 
'426400P-60 


'426400-70 
'426400P-70 


'426400-80 
'426400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
un output voltage 


Iqh =" 2mA 


LVTTL 


2.4 


2.4 


2.4 


V 


Iqh = -100 mA 


LVCMOS 


Vcc-0.2 


Vcc-0.2 


Vcc-0.2 


v Low-level 
0L output voltage 


lOL x 2 mA 


LVTTL 


0.4 


0.4 


0.4 


V 


lOL^IOOfiA 


LVCMOS 


0.2 


0.2 


0.2 


. Input current 

1 /I I V 

1 (leakage) 


Vcc = 3.6V, V|=0Vto3.9V, 
All others = 0VtoVcc 


±10 


± 10 


±10 


MA 


. Output current 
0 (leakage) 


Vqc - 3.6 V, Vo = 0 Vto Vqc. 
CAS high 


±10 


±10 


±10 


ma 


icci« Re f-° rwrjte - 
cycle current 


Vcc s 3.6V, Minimum cycle 


70 


60 


50 


mA 


Standby 

'CC2 ri irront 

wUI IOI 11 


V|H = 2V(LVTTL), 
After 1 memory cycle, 
RAS and CAS high 


1 


1 


1 


mA 


V|H*Vcc-0.2V 
(LVCMOS), 
After 1 memory cycle, 
RAS and CAS high 


'426400 


ouu 


CAA 

OUU 


con 
OUU 


■ ■A 

ma 


'426400P 


200 


200 


200 


\iA 


Average 
refresh current 
ICC3* S (RAS-only 
refresh 
orCBR) 


Vqc = 3.6 V, Minimum cycle, 
RAS cycling, 

CAS high (RAS-only refresh), 
RAS low after CAS low (CBR) 


70 


60 


50 


mA 


\rr A W Avera 9 e P a 9 e 
' CC4 current 


Vqc = 3.6 V, tpc = MIN, 
RAS low, CAS cycling 


60 


50 


40 


mA 


. # Self-refresh 
•CC6 current 


CAS<0.2V, RAS<0.2V, 
Measured after tRASS min 


250 


250 


250 


MA 


Battery 
back-up 
operating 
. # current 
'CC10 (equivalent 

refresh time is 
128 ms), 
CBR only 


tRC = 31.25ns, tRAS*1 MS, 
Vqc - 0.2 VsV|H* 3.9 V, 
0V*V|l*0.2V, WandOE = V|H, 
Address and data stable 


350 


350 


350 


HA 



t For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V|[_ 
11 Measured with a maximum of one address change while CAS = V|h 

* For TMS426400P only 



product preview mrormraon concerns product* hi tnt formravt or mm 

Sphsss of dsvsiopnwnt Chsrsctsrlstlc dots and othor ^^Pfjl 

itioni or* dsslgn goals. Tixaa kistrumanta rsssrvss tht right to wV& TVv'A C 

or discontinue thsst products without nob©*. lt<JVfTLw> 

Instruments 

4-1 44 POST OFFICE BOX 1 443 • HOUSTON, TEXAS 77251-1 443 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 

SMKS881A- MAY 1995 - REVISED JUNE1 995 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 



TMS427400/P 



PARAMETER 


TEST CONDITIONS t 


'427400-60 
'427400P-60 


'427400-70 
'427400P-70 


'427400-80 
'427400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
wn output voltage 


•oh ■ - 2 mA 


LVTTL 


2.4 


2.4 


2.4 


V 


l O H=-100nA 


LVCMOS 


V CC 




Vr>r»— 0 2 


v Low-level 
0L output voltage 


lOL * 2 mA 


LVTTL 


0.4 


0.4 


0.4 


V 




LVCMOS 


0.2 


0.2 


0.2 


. Input current 
' (leakage) 


Vcc = 3.6V, V| = 0Vto3.9V, 
All others = 0VtoVcc 


± lU 


± 1U 


± 10 


..A 

|iA 


. Output current 
'° (leakage) 


VCC = 3.6 V, Vo * 0 V to Vqc. 
CAS high 


±10 


±10 


±10 


HA 


. j§ Read- or write- 


V CC ■ 3 - 6 v « Minimum cycle 


100 


90 


80 


mA 


Standby 
ow current 


V|H = 2V(LVTTL), 
After 1 memory cycle, 
RAS and CAS high 




■j 


•j 


mA 


V|H=V C C-0.2V 
(LVCMOS), 
After 1 memory cycle, 
RAS and CAS high 


'427400 


500 


500 


500 


MA 


'427400P 


200 


200 


200 


MA 


Average 
refresh current 
'CC3* § (RAS-only 
refresh 
orCBR) 


Vqc ■ 3.6 V, Minimum cycle, 
RAS cycling, 

CAS high (RAS-only refresh), 
RAS low after CAS low (CBR) 


100 


90 


80 


mA 


' CC4 current 


Vqc = 3.6 V, tpc = MIN, 
RAS low, CAS cycling 


60 


50 


40 


mA 


. # Self-refresh 
'CC6 current 


QAS<0.2V, RAS<0.2V, 
Measured after tRASS min 


250 


250 


250 


MA 


Battery 
back-up 
operating 
. # current 
0010 (equivalent 

refresh time is 
128 ms), 
CBRonly 


tRQ = 62.5 ^s, tRAS * 1 US. 
Vqc - 0.2 V*V|H* 3.9 V, 
0V<V||_*0.2V, WandOE*V|H, 
Address and data stable 


350 


350 


350 


HA 



t For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS ■ V||_ 
' Measured with a maximum of one address change while CAS = V|h 
*ForTMS427400P only 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f m 1 MHz (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, A0-A11 


5 


PF 


Cj(OE) Input capacitance, 5E 


7 


PF 


Cj(RC) Input capacitance, CAS and RAS 


7 


PF 


Cj(w) Input capacitance, W 


7 


PF 


C 0 Output capacitance 


7 


PF 


NOTE 3: Vqc = NOM supply voltage ± 1 0%, and the bias on pins under test is 0 V. 








switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'4XX400-60 
*4xx400P-60 


'4XX400-70 
'4xx400P-70 


'4XX400-80 
'4xx400P-80 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




tAA Access time from column address (see Note 4) 


30 


35 


40 


ns 


tQAC Access time from CAS low (see Note 4) 


15 


18 


20 


ns 


tcPA Access time from column precharge (see Note 4) 


35 


40 


45 


ns 


tRAC Access time from RAS low (see Note 4) 


60 


70 


80 


ns 


tOEA Access time from OE low (see Note 4) 


15 


18 


20 


ns 


tci_z Delay time, CAS low to output in low-impedance state 


0 


0 


0 


ns 


toH Output data hold time (from CAS) 


3 


3 


3 


ns 


*OHO Output data hold time (from OE) 




3 


3 


ns 


trjFF Output disable time after CAS high (see Note 5) 


0 15 


0 18 


0 20 


ns 


tQEZ Output disable time after OE high (see Note 5) 


0 15 


0 18 


0 20 


ns 



NOTES: 4. Access times for TMS42x400 measured with output reference levels of Voh ■ 2 V and Vol s °- 8 V. 
5. tQFF and tQEZ are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4XX400-60 
'4XX400P-60 


'4XX400-70 
'4XX400P-70 


'4XX400-80 
'4XX400P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, read (see Note 6) 


110 


130 


150 


ns 


twc Cycle time, write (see Note 6) 


110 


130 


150 


ns 


tRWC Cycle time, read-write (see Note 6) 


155 


181 


205 


ns 


tpc Cycle time, page-mode read or write (see Notes 6 and 7) 


40 


45 


50 


ns 


tPRWC Cycle time, page-mode read-write (see Note 6) 


85 


96 


105 


ns 


tRASP Pulse duration, RAS low, page mode (see Note 8) 


60 100 000 


70 100 000 


80 100 000 


ns 


tpAS Pulse duration, RAS low, nonpage mode (see Note 8) 


60 10 000 


70 10 000 


80 10 000 


ns 


*CAS Pulse duration, CAS low (see Note 9) 


15 10 000 


18 10000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tpp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, W low 


10 


10 


10 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS iow 


0 


0 


0 


ns 


tQS Setup time, data (see Note 1 0) 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tcwL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low (early-write operation only) 


0 


0 


0 


ns 


twRP Setup time, W high before RAS tow (CBR refresh only) 


10 


10 


10 


ns 


tyvTS Setup time, W low before RAS low (test mode only) 


10 


10 


10 


ns 


tQAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tpH Hold time, data (see Note 10) 


10 


15 


15 


ns 


*RAH Hold time, row address after RAS low 


10 


10 


10 


ns 


*RCH Hold time, W high after CAS high (see Note 11) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 11) 


0 


0 


0 


ns 


twCH Hold time, W low after CAS low (early-write operation only) 


10 


15 


15 


ns 


tRHCP Hold * ime . RAS high from CAS precharge 


35 


40 


45 


ns 


toEH Hold time » OE command 


15 


18 


20 


ns 


*ROH Hold time, RAS referenced to OE 


10 


10 


10 


ns 


tQHS Hold tlme « CAS low after RAS high (self refresh) 


-50 


-50 


-50 


ns 


tWRH Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


twTH Hold time, W low after RAS low (test mode only) 


10 


10 


10 


ns 



NOTES: 6. All cycle times assume tj * 5 ns. 

7. To assure tpc min, tASC should be * to tcp • 

8. In a read-write cycle, tpvVD and tRWL must 06 observed. 

9. In a read-write cycle, tQWD and k)WL mu st be observed. 

1 0. Referenced to the later of CAS or W in write operations 

1 1 . Either tRRH or tRQH must 08 satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 









'4XX400-60 
'4XX400P-60 


'4XX400-70 
'4XX400P-70 


'4XX400-80 
'4XX400P-80 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




tAWD 


Delay time, column address to W low (read-write operation only) 


55 


63 


70 


ns 


tCHR 


Delay time, RAS low to CAS high (CBR refresh only) 




10 


10 


10 


ns 


tCRP 


Delay time, CAS high to RAS low 




5 


5 


5 


ns 


tCSH 


Delay time, RAS low to CAS high 




60 


70 


80 


ns 


*CSR 


Delay time, CAS low to RAS low (CBR refresh only) 




5 


5 


5 


ns 


tCWD 


Delay time, CAS tow to W low (read-write operation only) 


40 


46 


50 


ns 


*OED 


Delay time, OE to data 




15 


18 


20 


ns 


*RAD 


Delay time, RAS low to column address (see Note 12) 




15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 




30 


35 


40 


ns 


*CAL 


Delay time, column address to CAS high 




30 


35 


40 


ns 


*RCD 


Delay time, RAS tow to CAS low (see Note 1 2) 




20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low 




0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 




15 


18 


20 


ns 


tRWD 


Delay time, RAS low to W low (read-write operation only) 


85 


98 


110 


ns 


tCPW 


Delay time, W low after CAS precharge (read-write operation only) 


60 


68 


75 


ns 


tRASS 


Pulse duration, self-refresh entry from RAS low 




100 


100 


100 


MS 


*RPS 


Pulse duration, RAS precharge after self refresh 




110 


130 


150 


ns 


*TAA 


Access time from address (test mode) 




35 


40 


45 


ns 


tTCPA 


Access time from column precharge (test mode) 




40 


45 


50 


ns 


tTRAC 


Access time from RAS (test mode) 




65 


75 


85 


ns 






'4x6400 


64 


64 


64 




tREF 


Refresh time interval 


'4X6400P 


128 


128 


128 


ms 


'4x7400 


32 


32 


32 






'4X7400P 


128 


128 


128 






Transition time 




3 


30 


3 


30 


3 


30 


ns 



NOTE 12: The maximum value is specified only to assure access time. 
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PARAMETER MEASUREMENT INFORMATION 

Vth v cc 



Output Under Test - 



Cl = 100 pF 
(see Note A) 



Output Under Test- 



es 100 pF 
(see Note A) 



R1 



R 2 



(a) LOAD CIRCUIT 

NOTE A: Cl includes probe and fixture capactiance. 



(b) ALTERNATE LOAD CIRCUIT 



DEVICE 


VCC(V) 


Rl(fl) 


R 2 (fi) 


VTH(V) 


R L (Q) 


'41X400/P 


5 


828 


295 


1.31 


218 


'42x400/ P 


3.3 


1178 


868 


1.4 


500 



Figure 2. Load Circuits for Timing Parameters 
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RAS 



CAS 



Address 



DQ1-DQ4 




NOTE A: Output can go from 3-state to an invalid-data state prior to the specified access time. 

Figure 3. Read-Cycle Timing 
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RAS 



CAS 



PARAMETER MEASUREMENT INFORMATION 

: twc w 



- tRAS " 



\ \ 4 tCAL — » J / l \ 

| \ * \4 t RP ^ v 

*| < — ! k *RSH 1 — H | 

! |< — t RCD — ^ J | i 

k tcAS P\ 

I _ ] « | tQSH ^ | I 




I 

Address <XXX Row XXXX Column XXXXXX Don't Care 

\aaaaaa 



VtRAD ! 1 7t C WL » | 




x x ^aaaaaaavvsv ! j ^ twcH H v WyyVWWW^^w 

W Don't Care >&X^ >f ^CS J>XXXXXXXX^ Don't Care 

* AAAAAAAAAArrir /\AAAAAAAXAXaaaaaa 



-twp — 




DQ1-DQ4 <XXXXX Valid Data XXXXXXXXXXXXX *>n1 Care 

iAAAAAAi 



AAAAAA/ 

OE (XXXXXXXXXXXXXXXXXXXXXX^ Don't Care 

AAAAAAi 



Figure 4. Early-Write-Cycle Timing 



. *ASC |* W * r I > 

-H K- * U ,RAL -H 

_ \AAAAA/ 
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PARAMETER MEASUREMENT INFORMATION 



-twc- 



" *RAS " 



RAS 



- tRCD - 



" tRSH " 



CAS 



kf USR 
I tASC" 

I 



-tcSH" 



tCAS- 



^>4 



- tRAL - 



*RAH " 



■ tCAL " 



Address 



W 



DQ1-DQ4 



OE 




Row 




I I 



*CAH 



Column 



f«-tRAD-*l tCWL-j^ 




-H 1 

i i i 

\AAAAAA/ 
Don't Care 

,aaaaaaa< 



■ *RWL " 



4* 



\AAAAA/ 
Don't Care 

iAAAAAAi 




■ *RP ■ 



tCRP- 



-tcp- 




\AAAAAA/ 
Don't Care 

AAAAAAAi 



t D S 



■twp- 



->h «DH 



VAAAAA/ 
Don't Care 

/\/\/\/\/\/v 



Valid Data 



Don't Care 



tQED" 



■ tQEH " 



\AAAAAA/ 
Don't Care 

.AAAAAAAi 



VAAAAAA/" 
Don't Care 

AAAAAAAi 



Figure 5. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



Address 



W 



DQ1-DQ4 



OE 




lAAAAAA/ 
Don't Care 

/VVVVVVY 



. k>Ho I N , 

tOEA-k — M W tOED 

~T — 



' IAAAAAA/ 

Don't Care 

/vvvvvvv 



NOTE A: Output can go from 3-state to an invalid-data state prior to the specified access time. 

Figure 6. Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



Address 



W 



DQ1-DQ4 



OE 




t Access time is tQPA. tCAC» or *AA dependent. 

NOTE A: Output can go from 3-state to an invalid-data state prior to the specified access time. 

Figure 7. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



Address 




X 



tRAH 

\* — H 



tASC-W-*| 



Row 

1 — 



I 1 1 I 



r+H — ►t-twp 



- tRWL " 



W 



kAAAAAA/ 
Don't Care 

/VVVVVVY 



DQ1-DQ4 



OE 



tDS 

e Note A) 

*DS 
(see Note A) 




i 1 ! 



\AAAAAA/ 
Don't Care 

/vvyvvvY 



■ *DH - 



* *DH ■ 



\aaaaaa; 
Don't Care 

/vvvvvyy 



' *OEH " 



Valid Data In 



Valid 
In 



Don't Care W 

V \AA/\a/\/vaaaAA; 



k)EH- 



tQED-*| 



VVWVAaaaaa/ 
V) Don't Care V 

\/\/\/\/\/\/\/\/ 



W Don't Care ><VS 

\A/v/v/\/\/\/v/\AA 



NOTES: A. Referenced to CAS or W, whichever occurs last 

B. A read cycle or a read-write cycle can be intermixed with write cycles as long as read and read-write timing specifications are not 
violated. 

Figure 8. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



tRASP 



tCSH 



tRHCP 



-t+r- *RCD 



tPRWC 



tCAS 



I I 

' i 

tRADHt" 

I 



->ikl tAsc 



♦t-j-«cp 



Address 



Column 



tRAH^j H- jjT 

| tAWD 
ft- tRWD — 

i! i 




Column 



*CPW 



W 




J r«- 



*WP 



! i 



j « ! » | tAA 



ft 




*RAC 



tCAC 



r^ftos 



*CPA 
*DH 



I 1 I 



DQ1-DQ4 



I, 

tCLZ — ^N-i 
— I 

tQEA 



"ill 



Valid 
In 



Valid Out | 

f*~ t0EZ v 



-*\- k)EH | 



I 

k~ tQHO 



tRSH 



*CRP 



' i a ii A a a A f\ 
Don't Care 



M L 



tRWL 



Valid Outt 




Valid 
In 



3 



tQED 



*OEH 




t Output can go from 3-state to an invalid-data state prior to the specified access time. 

NOTE A: A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated. 
Figure 9. Enhanced-Page-Mode Read-Write-Cycle Timing 



(jj^TEXAS 

Instruments 

4-156 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 

SMKS881 A- MAY 1995 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



\* «RC ►( 

! r«— t RAS — *i ! 




Figure 10. RAS-Only Refresh Timing 



|* *rc — ►! 




DQ1 -DQ4 Hl-Z 

Figure 11. Automatic-CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



Address 



W 



DQ1-DQ4 



OE 




Figure 12. Hidden-Refresh-Cycle (Read) Timing 
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PARAMETER MEASUREMENT INFORMATION 




Figure 13. Hidden-Refresh-Cycle (Write) Timing 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



4-159 



TMS416400, TMS416400P, TMS417400, TMS417400P 
TMS426400, TMS426400P, TMS427400, TMS427400P 
4194304-WORD BY 4-BIT HIGH-SPEED DRAMS 

SMKS881A- MAY 1995- REVISEDJUNE1995 



PARAMETER MEASUREMENT INFORMATION 



H— — tRAss H 




Figure 14. Self-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




\aaaaaa; 1 
Don't Care 

/VVVYVYV 



Address 



UkAAAAA/ 

Don't Care 

/WN/N/N/WWV 



OE 



DQ1-DQ4 ' 



■ Hl-Z " 



Figure 15. Test-Mode-Entry-Cycle Timing 



RAS 



CAS 



A 



tRC- 



•tRp- 



" tRAS ' 



tRPC^I ►! 

I 
I 



k-tcSR+l 



I 

| j*-tCHR-»| 

-U — / 



»WRP 



-H 



-H 



w 



Address 



vAAAAAA, 
Don't Care 

/V\(VVVV\ 



tWRH— i^- 




kAAAAAA/ 
Don't Care 

/VVVVWV 



-H *~ k)FF 



yVAAAAAAA/C 
DQ1-DQ4 6 Don't Care $V 

AfvvvvvvNftr 



\aaaaaaz 
Don't Care 

fVVVVVV^ 



. Hl-Z • 



Figure 16. Test-Mode-Exit-Cycle CBR-Refresh-Cycle Timing 
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device symbolization (TMS416400 illustrated) 




Speed (-60,-70,-80) 

Low-Power/Self-Refresh Designator (Blank or P) 
Package Code 

Asembly Site Code 
Lot Traceabllity Code 
Month Code 
Year Code 
Die Revision Code 
Wafer Fab Code 
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Organization ... 1 048576 x 16 
Single Power Supply (5 V or 3.3 V) 
Performance Ranges: 





ACCESS 


ACCESS 


ACCESS READ OR 




TIME 


TIME 


TIME 


WRITE 




*RAC 


tCAC 


*AA 


CYCLE 




MAX 


MAX 


MAX 


MIN 


'4)0(1 60/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


'4xx160/P-70 


70 ns 


18 ns 


35 ns 


130 ns 


'4xx160/P-80 


80 ns 


20 ns 


40 ns 


150 ns 



Enha nced P age-M ode Operation With 

CAS-Before-RAS (CBR) Refresh 

Long Refresh Period and Self-Refresh 

Option (TMS4xx160P) 

3-State Unlatched Output 

Low Power Dissipation 

High-Reliability Plastic 42-Lead (DZ Suffix) 

400-Mil-Wide Surface-Mount (SOJ) Package 

and 44/50-Lead (DGE Suffix) Surface-Mount 

Thin Small-Outline Package (TSOP) 

Operating Free-Air Temperature Range 

0°Cto70°C 
Texas Instruments EPIC™ CMOS Process 

AVAILABLE OPTIONS 







SELF 




DEVICE 


POWER 


REFRESH, 


REFRESH 


SUPPLY 


BATTERY 
BACKUP 


CYCLES 


TMS416160 


5V 




4096 in 64 ms 


TMS416160P 


5V 


Yes 


4096 in 256 ms 


TMS418160 


5V 




1024 in 16 ms 


TMS418160P 


5V 


Yes 


1024 in 128 ms 


TMS426160 


3.3 V 




4096 in 64 ms 


TMS426160P 


3.3 V 


Yes 


4096 in 256 ms 


TMS428160 


3.3 V 




1024 in 16 ms 


TMS428160P 


3.3 V 


Yes 


1024 in 128 ms 



description 



The TMS4xx160 series is a set of high-speed, 
16777216-bit dynamic random-access memo- 
ries (DRAMs) organized as 1 048576 words of 1 6 
bits each. The TMS4xx160P series is a similar 
set of high-speed, low-power, self-refresh, 
16777216-bit DRAMs organized as 1048576 
words of 16 bits each. 



DGE PACKAGE 
(TOP VIEW) 



Vcc [ 


1° 


50 


]v ss 


DQ0 [ 


2 


49 


] DQ15 


DQ1 [ 


3 


48 


]DQ14 


DQ2 [ 


4 


47 


] DQ13 


DQ3 [ 


5 


46 


] DQ12 


v C c [ 


6 


45 


]v ss 


DQ4 [ 


7 


44 


]DQ11 


DQ5 [ 


8 


43 


]DQ10 


DQ6 [ 


9 


42 


]DQ9 


DQ7 [ 


10 


41 


] DQ8 


NC [ 


11 


40 


]NC 


NC [ 


15 


36 


] NC 


NC [ 


16 


35 


] LCAS 


W [ 


17 


34 


] UCAS 


RAS [ 


18 


33 


]OE 


A1lt [ 


19 


32 


] A9 


A10t [ 


20 


31 


] A8 


AO [ 


21 


30 


]A7 


A1 [ 


22 


29 


] A6 


A2 [ 


23 


28 


] A5 


A3 [ 


24 


27 


] A4 


v C c [ 


25 


26 


]v ss 



v C c pi 

DQ0 
DQ1 
DQ2 
DQ3 

V CC ^ 
DQ4 [|7 
DQ5 
DQ6 
DQ7 

NC 

NC 

W 
RAS 
A1lt 
A10t 

AO 

A1 

A2 

A3 
V C C 



DZ PACKAGE 
(TOP VIEW) 

a 



2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



42 ] V SS 
41 ] DQ15 
40 ] DQ14 
39 ] DQ13 
38 ] DQ12 
37 ] V SS 
36 ] DQ11 
35 ] DQ10 
34 ] DQ9 
33 ] DQ8 
32 ] NC_ 
31 ] LCAS 
30 ] UCAS 
29 ] OE 
28 ] A9 
27 ] A8 
26 ] A7 
25 ] A6 
24 ] A5 
23 ] A4 
22 ] V SS 



t A1 0 and A1 1 are NC for TMS4x81 60 and TMS4x81 60P. 



PIN NOMENCLATURE 


A0-A11 


Address Inputs 


DQ0-DQ15 


Data In /Data Out 


LCAS 


Lower Column-Address Strobe 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


UCAS 


Upper Column-Address Strobe 


VCC 


5-V or 3.3-V Supply* 


v ss 


Ground 


W 


Write Enable 



t See Available Options Table. 



Both sets employ state-of-the-art enhanced performance implanted CMOS (EPIC™) technology for high 
performance, reliability, and low power at low cost. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4xx1 60 and TMS4xx160P are offered in a 44/50-lead plastic surface-mount TSOP (DGE suffix) and 
a 42-lead plastic surface-mount SOJ (DZ suffix) package. These packages are characterized for operation from 
0°C to 70°C. 

PRODUCT PREVIEW Information eonctrnt products In trw formatlvt or 
design phM* of ctovdopmtnt Characteristic data and other 
specifications are design goals. Tsxas Instruments reserves the right to 
change or discontinue these products without notice. 
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logic symbolt 



AO 



17 



A1 
A2 



18 



19 



A3 



20 



A4 



23 



A5 



24 



A6 
A7 
A8 
A9 
A10* 
A11* 



RAS 



25 



26 



27 



28 



16 



15 



14 




LCAS 



UCAJ 



: 30 



np 29 



W 

61 

DQO 



u# 13 



RAM1Mx16 



20D8/21D0 



> A 



20D15/21D7 

20D16 

20D17 



1048 575 



20D18 
20D19 
-H> C20[ROW] 

G23/[REFRESH ROW] 
24[PWR DWN] 
i> C21 
G24 



--31 



> 23C22 



J^t>C21 
G34 



--31 



> 23C32 



Z31 



24.25EN27 
23,21 D 4- 34.25EN37 



25 



DQ1- 
DQ2- 
DQ3- 
DQ4- 
DQ5-J 
, DQ6-: 
DQ7-J 
DQ8^ 

DQ9^ 
DQ10- 
DQ11- 
DQ12- 
DQ13- 
DQ14- 
DQ15- 





A.22D 6 . 
V26.27 ^ 


5 4> 

7 4 ^ 

8 ^ 
















33 

34 ^ ^ 




V36.37 
















^-^\ 




40 <» 









t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

The pin numbers shown correspond to the DZ package. 
* A1 0 and A1 1 are NC for TMS4x81 60 and TMS4x81 60P. 
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functional block diagrams (TMS4x6160/P) 

RAS UCAS LCAS W OE 

i t I I i 

| Timing and Control | 



AO- 
A1 - 



A7- 



A8-, 
A11 



Column - 
Address 
Buffers 



Row- 
Ad dress 
Buffers 



32 < 



1111 



Column Decode 



Sense Amplifiers 



256K Array 



256K Array 



256K Array 



256K Array 



256K Array 



256K Array 



32 



>32 



mm 



I/O 
Buffers 

16 of 32 
Selection 



Data- 
in 
Reg. 



Out 
Reg. 



16 



16 



DQ0-DQ15 



(a) TMS4x6160,TMS4x6160P 



functional block diagram (TMS4x81 60/P) 

RAS U€AS LCA§ W OE 

I M H. 

I Timing and Control | 



A0- 
A1 - 



A9- 



t 



Column - 
Address 
Buffers 



Row- 
Address 
Buffers 



■II 



32 < 



Column Decode 



Sense Amplifiers • 



256K Array 



256K Array 



256K Array 



256K Array 



256K Array 



256K Array 



mm 



>32 



I/O 
Buffers 

16 of 32 
Selection 



Data- 
in 
Reg. 



Data- 
Out 
Reg. 



16 



16 



DQ0-DQ15 



10 



(b) TMS4x8160,TMS4x8160P 
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operation 
dual CAS 

Two CAS pins (L CAS a nd UCAS) are provided to giv e inde pendent control of the 16 data-l/O pins 
(DQ0-DQ15), with LCAS corresponding to DQ0-DQ7 and UC AS corresponding to DQ 8-DQ1 5. For read or 
write cycles, the column address is latched on the first xCAS falling edge. Each xCAS going lo w enab les its 
corresponding DQx pin with data associated with the column address latche d on the first falling xCAS edge. 
All address setup and hold parameters are referenced to the first falling xC AS edg e.The delay time from xCAS 
low to valid data out (see parameter tcAc) is measured from each individual xCAS to its corresponding DQx pin . 

In order to latch in a new column address, bot h xCAS pins must be broug ht high . The column-precharge time 
(see parameter tcp) is measured from the last xCAS r ising edge to the first xCAS falling edge of the new cycle. 
Keeping a colum n address valid while toggling xCAS r equire s a minimum setup time, tcLCH- During trj|_CH» at 
least one xCAS must be brought low before the other xCAS is taken high. 

For early-write cycles, the data is latched on the fir st xCAS falling edge. Only the DQs that have the 
corresponding xCAS low are written into. Each xCAS must mee t tpAS minimum in order to ensure writing 
into the storage cell. To latch a new address and new data, all xCAS pins must be high and meet tcp. 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multipl ex is eliminated. The ma ximum 
number of columns that can be accessed i s dete rmined by the maximum RAS low time and the xCAS 
page-mode cycle time used. With minimum xCAS page-cycle time, all columns can be accessed without 
intervening RAS cycles. 

Unlike conventional page-mode DRAMs, the column-address buffers in t his dev ice are activated on the falling 
edge of RAS. The buffers act as transparent or flow-through latches while xCAS is high. The falling edge of the 
first xCAS latches the column addresses. This feature allows the devices to operate at a higher data bandwidth 
than conv entiona l page-mode parts because data retrieval begins as soon as the column address is valid rather 
than when xCAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address may be presented i mmed iately after tp^H (row-address hold time) has been satisfied, usually 
well in advance of the falling edge of xCAS. In this case, data is obtained after tQAC maximum (access time from 
xCAS low) if t^A maximum (access time from colum n addr ess) has been satisfied/In the event that column 
addresses for the next page cycle are valid at the time xCAS goe s high, minimum access time for the next cycle 
is determined by tcPA (access time from rising edge of the last xCAS). 

address: A0-A11 (TMS4x6160, TMS4x6160P) and A0-A9 (TMS4x8160, TMS4x8160P) 

Twenty address bits are required to decode 1 of 1 048576 storage cell locations/For the TMS 4x616 0 and 
TMS4x6160P, 12 row-address bits are set up on AO through A11 and latched onto the chip by RA S. Eight 
column-address bits are set up on AO through A7 and latched onto the chip by the first xCAS. F or the 
TMS4x8160 and TMS4x8160P, 1 0 row-address bits are set up on A0-A9 and latc hed on to the chip by RAS. 
Ten column-address bits are set up on A 0-A9 an d latched ont o the chip by the first xCAS. All addresses must 
be stable on or before the falling edge of RA S and x CAS. RAS is similar to a chip enable in that it activates the 
sense amplifiers as well as the row decoder. xCAS is used as a chip select, activating its corresponding output 
buffer and latching the address bits into the column-address buffers. 

write enable ( W) 

The read or write mode is selected through W. A logic high on W selects the read mode and a logic low s elects 
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to xCAS 
(early write) , data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
OE grounded. 
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dataln(DQ0-DQ15) 

D ata is w ritten during a write or read-modify-write cycle. Depending on the mode of operation, the fallin g edge 
of xCAS or W strobes data into the on-chip dat a latch . In an early-write cycle, W is brought low prior to xCAS 
and the data is strobed in by the first occ urring x CAS with setup and hold times referenced to this signal. In a 
delayed-write or read-modify-write cycle, xCAS is already low and the data is strobed in by W with setup and 
hold times referenced to this signal. In a delayed-write or read-modify-write cycle, OE must be high to bring the 
output buffers to the high-impedance state prior to impressing data on the I/O lines. 

dataout(DQ0-DQ15) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until xCAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval tcAC (which begins with 
the negative transition of xCAS) as long as tRAC and *AA are satisfied. 

output enable (OE) 

OE controls the impedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low during a norma l cyc le activ ates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and xCAS to be brought low for the outpu t buffe rs to go into the 
low-impedance state, and they remain in the low-impedance state until either OE or xCAS is brought high. 

RAS-only refresh 

TMS4x6160, TMS4x6160P 

A refresh operation must be performed at least once every 64 ms (256 ms for TMS4x61 60P) to retain data. This 
can be achieved by strobing each of the 4096 rows (A0-A11). A normal rea d or wr ite cycle refreshes all bits 
in each row that is selected. A RAS-only operation can be used by holding both xOAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

TMS4x8160,TMS4x8160P 

A refresh operation must be performed at least once every 1 6 ms (1 28 ms for TMS4x81 60P) to retain data. This 
can be achieved by strobin g each of the 1 024 rows (A0-A9). A normal read or writ e cycle refreshes all bits in 
each row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidde n refresh can be performed while maintai ning v alid data at the output pin. This is accomplished by ho lding 
xCAS at V| L after a read operation and cycling RAS after a specified precharge period, simitar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refr esh is utilized by bringing at least one xCAS low e arlier th an RAS (see p arame ter tcsR) and holding 
it low a fter R AS falls (see parameter tcHR)- For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

battery-backup refresh 

TMS4X6160P 

A low-power battery-backup refresh mode that requires less than 6 00 \iA ( 5 V) or 350 jiA (3.3 V) refresh current 
is avail able o n the TMS4x61 60R Data integrity is maintained using xCBR refresh with a period of 62.5 \is while 
holding RAS low for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels 
(V, L < 0.2 V,V IH >V C c- 0.2V). 
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TMS4X8160P 

A low-power battery-backup refresh mode that requires less than 600 \iA (5 V) or 350 \*A (3.3 V) refresh current 
is avail able o n the TMS4x81 60P. Data integrity is maintained using xCBR refresh with a period of 1 25 (as while 
holding RAS low for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels 
(V, L < 0.2 V,V, H >Vcc- 0.2 V). 

self refresh (TMS4xx160P) 

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then xCAS and RAS are both 
held low for a minimum of 100 \xs. The chip is then refreshed internally by an on-board oscillator. No external 
addr ess is req uired b ecause the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and xCAS are brought high to satisfy tcHS- Upon exiting self-refresh mode, a burst refresh (refresh 
a full set of row addresses) must be executed before continuing with normal operation. The burst refresh 
ensures the DRAM is fully refreshed. 

power up 

To achieve proper device operation, an initial pause of 200 i*s followed by a minimum of eight initialization cycles 
i s requ ired aft er pow er up to the full Vqc ,eve l- These eight initialization cycles must include at least one refresh 
(RAS-only or xCBR) cycle. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, V C c: TMS41x160, TMS41x160P . - 1 Vto 7 V 

TMS42x160,TMS42x160P . . . -0.5 Vto 4.6 V 

Voltage range on any pin (see Note 1): TMS41x160, TMS41x160P -1Vto7V 

TMS42x160,TMS42x160P -0.5 Vto 4.6V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, T^ 0°C to 70°C 

Storage temperature range, T stg -55°Cto125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 



recommended operating conditions 





TMS41X160 


TMS42X160 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Vcc Supply voltage 


4.5 5 5.5 


3 3.3 3.6 


V 


Vss Supply voltage 


0 


0 


V 


V|h High-level input voltage 


2.4 6.5 


2 V C C + 0.3 


V 


V||_ Low-level input voltage (see Note 2) 


- 1 0.8 


-0.3 0.8 


V 


Ta Operating free-air temperature 


0 70 


0 70 


°c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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TMS416160/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


'416160-60 
'416160P-60 


'416160-70 
'416160P-70 


'416160-80 
'416160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


lOH = " 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


lOL = 4 - 2 rnA 


0.4 


0.4 


0.4 


v 


• Input current 
1 (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±10 


±10 


±10 


HA 


. Output current 
10 (leakage) 


Vcc = 5.5 V, Vo = 0 V to V C C. 
xCAS high 


±10 


±10 


±10 


MA 


. j§ Read- or write-cycle 
'CC1 current 


V*cc - 5.5 V, Minimum cycle 


90 


80 


70 


mA 


JCC2 Standby current 


V| H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


V|H= Vqc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and xCAS high 


"416160 


1 


1 


1 


mA 


'416160P 


500 


500 


500 


HA 


Average refresh 
ICC3^ current (RAS-only 
refresh or CBR) 


Vcc = 5.5 V, Minimum cycle, 

RAS cycling, 

xCAS high (RAS only), 

RAS low after xCAS low (CBR) 


90 


80 


70 


mA 


•CC4*^ Average page current 


Vcc » 5.5 V, tpc = MIN, 
RAS low, xCAS cycling 


90 


80 


70 


mA 


ICC6* Self-refresh current 


xCAS<0.2V, RAS<0.2V, 
Measured after tp^SS m ' n 


500 


500 


500 


HA 


Battery back-up 
operating current 
•CC10* (equivalent refresh 
time is 256 ms); CBR 
only 


tRC = 62.5 \is, tRAS = 300 ns, 
Vcc - 0.2 VsVih* 6.5 V, 
0 V s V|l s 0.2 V, W and OE = V| H , 
Address and data stable 


600 


600 


600 


MA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 
^ Measured with a maximum of one address change while xCAS - V|h 
#ForTMS416160Ponly 
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TMS418160/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONSt 


'418160-60 
'418160P-60 


'418160-70 
'418160P-70 


'418160-80 
'418160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


lOH = ~ 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


lOL^^mA 


0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±10 


±10 


±10 


MA 


. Output current 
0 (leakage) 


V C C = 5.5V, V 0 = OVtoV C C. 
xCAShigh 


± 10 


±10 


±10 


jjA 


l rri *§ Read " or 

1 write-cycle current 


Vcc = 5.5 V, Minimum cycle 


190 


180 


170 


mA 


ICC2 Standby current 


V|H=2.4V(TTL), 
After 1 memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


V| H = Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and xCAS high 


•418160 


1 


1 


1 


mA 


•418160P 


500 


500 


500 




Average refresh 
ICC3^ current (RAS-only 
refresh or CBR) 


Vcc = 5.5 V, Minimum cycle, 

RAS cycling, xCAS high (RAS only), 

RAS low after xCAS low (CBR) 


190 


180 


170 


mA 


Irr^ Average page 
' CC4 current 


Vcc ■ 5.5 V, tpc = MIN, 
RAS low, xCAS cycling 


100 


90 


80 


mA 


'CC6* Self-refresh current 


xCAS<0.2V, RAS<0.2V, 
Measured after tp^ss min 


500 


500 


500 


MA 


Battery back-up 
operating current 
'CC10* (equivalent refresh 
time is 128 ms); 
CBR only 


tRC = 125jis, tRAS* 300 ns, 
Vcc-0.2V$V|hs6.5V, 
0VsVil.s0.2V, WandOE = V| H , 
Address and data stable 


600 


600 


600 


HA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 
' Measured with a maximum of one address change while xCAS = V|h 
*ForTMS418160Ponly 
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TMS426160/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONSt 


'426160-60 
'426160P-60 


"426160-70 
•426160P-70 


'426160-80 
'426160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
Vqh output 
voltage 


lOH = ~2 ™A 


LVTTL 


2.4 


2.4 


2.4 


V 


Ioh=-i°°mA 


LVCMOS 


Vcc-0.2 


Vcc-0.2 


Vcc-02 


v Low-level 
0L output voltage 


lOL = 2 mA 


LVTTL 


0.4 


0.4 


0.4 


V 


IOL = 100 jaA 


LVCMOS 


0.2 


0.2 


0.2 


. Input current 
' (leakage) 


Vcc = 3.6V, V| = 0Vto3.9V, 
All others = 0VtoVcc 


± 10 


± 10 


± 10 


uA 


. Output current 
,Q (leakage) 


Vqc - 3.6 V, Vq = 0 V to V C C, 
xCAS high 


±10 


±10 


±10 


HA 


. ^§ Read- or write- 

L»L» 1 pv/cla currant 


V CC = 3 - 6 v . Minimum cycle 


90 


80 


70 


mA 


Standby 
curreni 


V|H = 2V(LVTTL), 
After 1 memory cycle, 
RAS and xCAS high 


1 


1 


1 


mA 


V| H = v C c-o.2V 

(LVCMOS), 

After 1 memory cycle, 

RAS and xCAS high 


'426160 


500 


500 


500 


jaA 


'4261 60P 


200 


200 


200 


HA 


Average 
refresh current 
•CC3^ (RAS-only 
refresh 
or CBR) 


V CC ■ 3.6 V, Minimum cycle, 
RAS cycling, 

xCAS high (RAS-only refresh) 
RAS low after xCAS low (CBR) 


90 


80 


70 


mA 


!rr .*l Average page 
' CC4 current 


Vcc = 3.6V, tpc = MIN, 
RAS low, xCAS cycling 


90 


80 


70 


mA 


' # Self-refresh 
'CC6 current 


xCAS<0.2V, RAS<0.2V, 
Measured after XraSS min 


250 


250 


250 


MA 


Battery 
back-up 
operating 
. # current 
•CC10 (equivalent 

refresh time is 
256 ms), 
CBR only 


tRQ = 62.5 (is, tRAS * 300 ns, 
Vqc - 0.2 VsV|H^ 3.9 V, 
0VsV|ls0.2V, WandOE = V|H, 
Address and data stable 


350 


350 


350 


^A 



"For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 

* Measured with a maximum of one address change while xCAS = V|h 

* For TMS426160P only 
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TMS428160/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONSt 


'428160-60 
'428160P-60 


'428160-70 
'428160P-70 


'428160-80 
'428160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
v OH output 
voltage 


Iqh =- 2 *nA 


LVTTL 


2.4 


2.4 


2.4 


V 


lOH 88 - 100 !^ 


LVCMOS 


VcC~0-2 


Vcc-0.2 


Vcc-0.2 


Vn, Low-level 
UL output voltage 


lOL = 2 mA 


LVTTL 


0.4 


0.4 


0.4 


V 


IOL = 100mA 


LVCMOS 


0.2 


0.2 


0.2 


. Input current 
' (leakage) 


Vcc^.eV, V| = 0Vto3.9V, 
All others = 0V toVcc 


± 111 


± 1U 


± IU 




. Output current 
0 (leakage) 


V C C = 3.6 V, Vq = 0 Vto Vqc. 
xCAS high 


±10 


±10 


±10 


HA 


. $ § Read- or write- 
cycie current 


Vqc ■ 3.6 V, Minimum cycle 


190 


180 


170 


mA 


Standby 
UV/ * current 


V| H =2V(LVTTL), 
After 1 memory cycle, 
RAS and xCAS high 


1 




1 


mA 


V|H=V C C-0.2V 
(LVCMOS), 
After 1 memory cycie, 
RAS and xCAS high 


•428160 


500 


500 


500 


HA 


•4281 60P 


200 


200 


200 


HA 


Average 
refresh current 
ICC3^ (RAS-only 
refresh 
or CBR) 


Vcc - 3.6 V, Minimum cycle, 
RAS cycling, 

xCAS high (RAS-only refresh) 
RAS low after xCAS low (CBR) 


190 


180 


170 


mA 


IrvM** Average page 
'CC4 current 


Vqc = 3.6 V, tpc = MIN, 
RAS low, xCAS cycling 


100 


90 


80 


mA 


. ^ Self-refresh 
006 current 


xGAS<0.2V, RA§<0.2V, 
Measured after tRASS m,n 


250 


250 


250 


MA 


Battery 
back-up 
operating 
. ^ current 
10010 (equivalent 

refresh time is 
128 ms), 
CBR only 


tRC = 1 25 |is, tRAS * 300 ns, 
Vqc- 0.2 VsVihs 3.9 V, 
0 V s V| L s 0.2 V, W and OE * V| H , 
Address and data stable 


350 


350 


350 


MA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS_= VjL 
^ Measured with a maximum of one address change while xCAS = V|h 

* For TMS428160P only 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, AO- A1 1 


5 


PF 


c i(OE) Input capacitance, OE 


7 


PF 


c i(RC) Input capacitance, xCAS and RAS 


7 


PF 


C,-(w) Input capacitance, W 


7 


PF 


Cq Output capacitance 


7 


PF 


NOTE 3: Vqc = 5 V ± 0.5 V or 3.3 V + 0.3 V (see Table 1), and the bias on pins under test is 0 V. 








switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


»4xx1 60-60 
'4XX160P-60 


'4xx1 60-70 
'4xx160P-70 


'4xx160-80 
'4xx160P-80 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 




tAA Access time from column address (see Note 4) 


30 


35 


40 


ns 


*CAC Access time from xCAS low (see Note 4) 


15 


18 


20 


ns 


*CPA Access time from column precharge (see Note 4) 


35 


40 


45 


ns 


*RAC Access time from RAS low (see Note 4) 


60 


70 


80 


ns 


*OEA Access time from OE low (see Note 4) 


15 


18 


20 


ns 


tci_Z time » xCAS low to output in low-impedance state 


0 


0 


0 


ns 


toH Output data hold time (from xCAS) 


3 


3 


3 


ns 


*OHO Output data hold time (from 51) 


3 


3 


3 


ns 


tQFF Output disable time after xCAS high (see Note 5) 


0 15 


0 18 


0 20 


ns 


tQEZ Output disable time after 51 high (see Note 5) 


0 15 


0 18 


0 20 


ns 



NOTES: 4. Access times for TMS42x160 are measured with output reference levels of Voh = 2 v and Vol = 0.8 V. 
5. tQFF an d tQEZ are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





*4xx160-60 
'4xx160P-60 


'4xx160-70 
'4XX160P-70 


'4xx160-80 
'4xx160P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*RC Cycle time, read (see Note 6) 


110 


130 


150 


ns 


twc Cycle time, write (see Note 6) 


110 


130 


150 


ns 


tRWC Cycle time, read-write (see Note 6) 


155 


181 


205 


ns 


tpc Cycle time, page-mode read or write (see Notes 6 and 7) 


40 


45 


50 


ns 


tPRWC Cycle time, page-mode read-write (see Note 6) 


85 


96 


105 


ns 


tRASP Pu,se duration, RAS low, page mode (see Note 8) 


60 100 000 


70 100 000 


80 100 000 


ns 


*RAS Pulse duration, RAS low, nonpage mode (see Note 8) 


60 10 000 


70 10 000 


80 10 000 


ns 


tQAS Pulse duration, xCAS low (see Note 9) 


15 10 000 


18 10 000 


20 10 000 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tyvp Pulse duration, W low 


10 


10 


10 


ns 


*ASC Setup time, column address before xCAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tpjs Setup time, data (see Note 9) 


0 


0 


0 


ns 


*RCS Setup time, W high before xCAS low 


0 


0 


0 


ns 


tcwL Setup time, W low before xCAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


tyVCS Setup time, W low before xCAS low (early-write operation only) 


0 


0 


0 


ns 


*CAH Hold time, column address after xCAS low 


10 


15 


15 


ns 


tDH Hold time, data (see Note 1 0) 


10 


15 


15 


ns 


*RAH Hold time, row address after RAS low 


1 ° 


10 


10 


ns 


*RCH Hold time, W high after xCAS high (see Note 11) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 11) 


0 


0 


0 


ns 


tyvCH Hold time, W low after xCAS low (early-write operation only) 


10 


15 


15 


ns 


tCLCH Hold time, xCAS low to xCAS high 


5 


5 


5 


ns 


tRHCP Hold time, RAS high from xCAS precharge 


35 


40 


45 


ns 


toEH Hold time, OE command 


15 


18 


20 


ns 


tROH Hold time, RAS referenced to OE 


10 


10 


10 


ns 


tCHS Hold time, xCAS low after RAS high (self refresh) 


-50 


-50 


-50 


ns 



NOTES: 6. AH cycle times assume tj = 5 ns. 

7. To assure tpc min, t/^sc should be * to tcp . 

8. In a read-write cycle, tRWD and tRWL must 08 observed. 

9. In a read-write cycle, tcwD an d tCWL must 06 observed. 

1 0. Referenced to the later of xCAS or W in write operations 

11. Either tRRH or ^RCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of 
temperature (continued) 



supply voltage and operating free-air 









'4XX160-60 
'4XX160P-60 


'4xx160-70 
'4xx160P-70 


*4xx1 60-80 
'4XX160P-80 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


MAX 




tcp 


Delay time, xCAS high (precharge) 




10 


10 


10 


ns 


tAWD 


Delay time, column address to W low (read-write operation only) 


55 


63 


70 


ns 


*CHR 


Delay time, RAS low to xCAS high (xCBR refresh only) 




10 


10 


10 


ns 


tCRP 


Delay time, xCAS high to RAS low 




5 


5 


5 


ns 


*CSH 


Delay time, RAS low to xCAS high 




60 


70 


80 


ns 


*CSR 


Delay time, xCAS low to RAS low (xCBR refresh only) 




5 


5 


5 


ns 


tGWD 


Delay time, xCAS low to W low (read-write operation only) 


40 


46 


50 


ns 


tOED 


Delay time, OE to data 




15 


18 


20 


ns 


tRAD 


Delay time, RAS low to column address (see Note 12) 




15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 




30 


35 


40 


ns 


tCAL 


Delay time, column address to xCAS high 




30 


35 


40 


ns 


tRCD 


Delay time, RAS low to xCAS low (see Note 12) 




20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to xCAS low 




0 


0 


0 


ns 


tRSH 


Delay time, xCAS low to RAS high 




15 


18 


20 


ns 


*RWD 


Delay time, RAS low to W low (read-write operation only) 


85 


98 


110 


ns 


tCPW 


Delay time, W low after xCAS precharge (read-write operation only) 


60 


68 


75 


ns 


tRASS 


Pulse duration, self-refresh entry from RAS low 




100 


100 


100 


jas 


tRPS 


Pulse duration, RAS precharge after self refresh 




110 


130 


150 


ns 






'4x6160 


64 


64 


64 


ms 


tREF 


Refresh time interval 


*4x61 60P 


256 


256 


256 


'4x8160 


16 


16 


16 


ms 






'4x81 60P 


128 


128 


128 




Transition time 




3 


30 


3 


30 


3 


30 


ns 



NOTE 12: The maximum value is specified only to assure access time. 



PARAMETER MEASUREMENT INFORMATION 

v T h 



Vcc 



Rl 



Output Under Test ~ 



Output Under Test - 



CL = 100pF ^ 
(see Note A) 



(a) LOAD CIRCUIT 

NOTE A: C|_ includes probe and fixture capacitance. 



CL = 100pF <-p 
(see Note A) 



Rl 



R2 



(b) ALTERNATE LOAD CIRCUIT 



DEVICE 


vcc (V) 


R1 (Q) 


R2(Q) 


VTH(V) 


R L (G) 


41X160/P 


5 


828 


295 


1.31 


218 


42x1 60/P 


3.3 


1178 


868 


1.4 


500 



Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 



RA§ 



UCAS 



LCAS 



•asr 



Address 



W 




■0 
33 
O 
D 

O 
H 

TJ 
30 

m 

— DQ0-DQ15 

m 
3 



OE 



NOTES: A. To hold the address latc hed by the first xCAS going low, the parameter tQLCH must 06 met - 

B. tQAC > s measured from xCAS to its corresponding DQx. 

C. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

D. xCAS order is arbitrary. 



Figure 2. Read-Cycle Timing 
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RAS 



UCAS 



LCAS 



Address 



W 



DQ0-DQ15 



OE 



PARAMETER MEASUREMENT INFORMATION 

twc — 




-tQED- 



- tDS ( 8ee Note B ) 

I 

H --toEH — 




Don't Cars 

/\/\/\/\/\/\/v 



NOTES: A. To hotd the address lat ched b y the first xCAS going low, the parameter tcLCH must be met. 

B. Refere nced to the first xCAS or W, whichever occurs last 

C. xCAS order is arbitrary. 

Figure 3. Write-Cycle Timing 



HI 

cc 

Q. 

§ 

Q 
O 
DC 
Q. 
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"D 
30 
O 
D 
C 

o 

H 
"0 

30 

m 

< 

m 
3 



RAS 



UCAS 



LCAS 



*ASR- 



Address 



W 



PARAMETER MEASUREMENT INFORMATION 

^ — — -twc 



-tRAS- 



«A \ 



" tRCD " 



tCSH 



kJAS" 



I I It 

*CLCH 



V 



- tRSH " 



(see Note A) 



■ tRAD " 

tRAH 

*ASC 



I 



Row 



] | *CAL " 



*RAL- 



*RP 



tCRP- 



-tcp- 



Column 



{*- >ptCAH 



' VAAAAAAA 

Don't Care 

fVWWVVVVi 



*WCS -H- 



j j#— twCH 



a/iaaaaa; 1 
DQ0-DQ15 00C Don't Care 

vvvvvvvt 



*CWL 



- tRWL " 



-twp- 



Valld Data In 



T7 



'kAAAAAAA/ 

Don't Care 

/VVVVVVYY 



| « H t DH 



■tDS" 



OE 



\A AAA AAA/ 

Don't Care 

fvvvvvv 



NOTES: A. To hol d the address latched by the first xCAS going low, the parameter tcLCH must 06 met - 
B. xCAS order is arbitrary. 

Figure 4. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



UCAS 



LCAS 



Address 



W 



DQ8-DQ15 




UJ 

I 

0. 

& 

D 
Q 

O 

DC 
CL 



of 



DQ0-DQ7 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met. 

B. Output can go from a th e high- impedance state to an invalid-data state prior to the specified access time. 

C. tQAC is measured from xCAS to its corresponding DQx. 

D. xCAS order is arbitrary. 

Figure 5. Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




DQ0-DQ7 



OE 



NOTES: A. 

B. 
C. 
D. 
E. 

F. 



Don't Care 

AAAAAAA. 



t 0 EA -H ^ ^ I J . 



■toHO 



\AAAAAAA, 

Don't Care 

AAAAAAA 



To hold the address latc hed by the first xCAS going low, the parameter tci_CH must 06 met - 
tcAC is measured from xCAS to its corresponding DQx. 
Access time is tcpA or t AA dependent. 

Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

A write cycle or read-modrfy-write cycle can be mixed with the read cycles as long as the write- and read-modify-write-timing 

specif ications are not violated. 

xCAS order is arbitrary. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




NOTES: A. To hold the address lat ched b y the first xCAS going low, the parameter tcLCH must 06 met - 

B. Referenced to the first xCAS or W, whichever occurs last 

C. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-mod ify-write-tim in g 
specif ications are not violated. 

D. xCAS order is arbitrary. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

■ tRASP " 




NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must ^ met - 

B. Access time is tQPA or t^A dependent. 

C. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

D. xCAS order is arbitrary. 

E. A read or write cycle can be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications are 
not violated. 

F. tcAC & measured from xCAS to its corresponding DQx. 

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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xCAS 



»CRP 



UVAAAAA/ 

Don't Care 

/VVVVVVY 



tRC- 



- tRAS - 



tRPC 



Address 



*ASR 



VAAAAAA/ 

Don't Care 

/vvvvvvy 




See Note A 



l« frj — *RAH 



Row 




kAAAAAAA/ 

Don't Care 

/VVVVVVVY 



Row 



Don't Care 

fVVVVVVVY 



W 



DQ0-DQ15 



OE 



NOTE A: All xCAS must be high. 



Hl-Z 



' VAAAAAAA/ 

Don't Care 

/VVVVVVVV 



Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
- Refresh Cycle — 

-*l !« -H-tRp 



- Memory Cycle - 



- Refresh Cycle - 
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Figure 10. Hidden-Refresh-Cycle Timing 
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RAS 



xCAS 



PARAMETER MEASUREMENT INFORMATION 

tRC 



tRp- 



A 



j r 



tRPc-W K r i k 



tRAS" 



-tCHR" 



y 



i L 
f 



W 



\/\/\/\/\/\/\/ 
Don't Care 

^x/v/x/wv/v/v 



Address 



OE 



DQ0-DQ15 



\/\/\/\/\/\/\/ 
Don't Care 

/\/\/\/\/\/\/\. 



' VAAAAAA/ 

Don't Care 



• Hl-Z ■ 



NOTE A: Any xCAS can be used. 



Figure 11. Automatic-CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



xCAS 



Address 



W 




*OFF 



c 
o 

H 

"0 

73 

m 

<J device symbolization (TMS416160P illustrated) 

m 



DQo-DQis yyyyyyy><3__. hi-z — 

Figure 12. Self-Refresh-Cycle Timing 



_J TMS416160 D? 



P -SS 



W B Y M LLLL P 



Speed (-60, -70, -80) 

Low-Power/Self-Refresh Designator (Blank or P) 
Package Code 



- Assembly Site Code 



- Lot Traceabillty Code 

- Month Code 

- Year Code 

Die Revision Code 
Wafer Fab Code 
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This data sheet is applicable to all 
TMS464400/P, TMS464800/P, and 
TMS464160/P devices symbolized with 
Revision "A" and subsequent revisions as 
described on page 4-189. 
Organization 

16777216 x 4 TMS464400, TMS464400P 
8388608 x 8 TMS464800, TMS464800P 
4194304 x 16 TMS464160, TMS464160P 
TMS464400/P and TMS464800/P in 
High-Reliability Plastic 32-Lead 
400-Mil-Wide Surface-Mount (DZ) Package 
and 32-Lead Surface-Mount Thin 
Small-Outline Package (DGC) 
Low Power Dissipation 

- CMOS Standby 

- Extended Refresh 

- Battery Backup 

3-State Unlatched Outputs 
Performance Ranges: 



• All Inputs, Outputs, and Clocks Are LVTTL 
Compatible 

• Enha nced P age-M ode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 

- 4096-Cycle CBR Refresh in 64 ms (max) 

- 8192-Cycle RAS-Only Refresh in 64 ms 
(max) 

• Low-Power, Self-Refresh Version 
(TMS464400P, TMS464800P, TMS464160P) 

• Single 3.3-V Power Supply 
(±0.3 V Tolerance) 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Fully Compatible With 64-Megabit DRAM 
Specification From Hitachi 

• Texas Instruments EPIC™ CMOS Process 





ACCESS 


ACCESS 


ACCESS 


READ 


icci 


»CC3 




TIME 


TIME 


TIME 


OR WRITE 


OPERATING 


REFRESH 




tRAC 


*CAC 


tAA 


CYCLE 


CURRENT 


CURRENT 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


(MIN) 


(MIN) 


TMS464400/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


TBD mA 


TBD mA 


TMS464400/P-70 


70 ns 


18 ns 


35 ns 


130 ns 


TBD mA 


TBD mA 


TMS464400/P-80 


80 ns 


20 ns 


40 ns 


150 ns 


TBD mA 


TBD mA 


TMS464800/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


120mA 


120mA 


TMS464800/P-70 


70 ns 


18 ns 


35 ns 


130 ns 


110 mA 


110 mA 


TMS464800/P-80 


80 ns 


20 ns 


40 ns 


150 ns 


100 mA 


100 mA 


TMS464160/P-60 


60 ns 


15 ns 


30 ns 


110 ns 


TBD mA 


TBD mA 


TMS464160/P-70 


70 ns 


18 ns 


35 ns 


130 ns 


TBD mA 


TBD mA 


TMS464160/P-80 


80 ns 


20 ns 


40 ns 


150 ns 


TBD mA 


TBD mA 



description 



The TMS464400, TMS464800, TMS464160 series are high-speed, 67108864-bit dynamic random-access 
memories (DRAMS), organized as either 16 777 216 words of four bits each (TMS464400), 8388608 words 
of eight bits each (TMS464800), or 4 1 94304 words of 1 6 bits each (TMS4641 60). 

The TMS464400P, TMS464800P, and TMS464160P series are high-speed, low-voltage, low-power, 
self-refresh and extended-refresh, 67108864-bit DRAMS, organized as either 16 777 216 words of four bits 
each (TMS464400P), 8388608 words of eight bits each (TMS464800P), or 4194304 words of 16 bits each 
(TMS464160P). 

The TMS464400/P and TMS464800/P are offered in a 400-mil 32-lead plastic surface-mount SOJ package 
(DZ suffix) and a 32-lead plastic surface-mount thin small-outline TSOP package (DGC suffix). The 
TMS4641 60/P packages are still being discussed by JEDEC. All packages are characterized for operation from 
0°C to 70°C. 



EPIC is a trademark of Texas Instruments Incorporated. 

PRODUCT PREVIEW Information concerns products In ths formative or mm m Copyright© 1995, Texas Instruments Incorporated 
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TMS464400 
DZ, DGC PACKAGES 
(TOP VIEW) 















Vcc 




1 


32 




Vss 


DQ1 




2 


31 




DQ4 


DQ2 




3 


30 




DQ3 


NC 




4 


29 




NC 


NC 




5 


28 




NC 


NC 




6 


27 




NC 


NC 




7 


26 




CAS 


W 




8 


25 




OE 


RAS 




9 


24 




A12 


AO 




10 


23 




A11 


A1 




11 


22 




A10 


A2 




12 


21 




A9 


A3 




13 


20 




A8 


A4 




14 


19 




A7 


A5 




15 


18 




A6 


v C c 




16 


17 




v S s 



PIN NOMENCLATURE 


A0-A12 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ4 


Data In / Data Out 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


W 


Write Enable 


vcc 


3.3-V Supply 


vss 


Ground 



TMS464800 
DZ, DGC PACKAGES 
(TOP VIEW) 
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OE 


RAS 
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24 




A12 


AO 




10 


23 




A11 


A1 




11 


22 




A10 


A2 




12 


21 




A9 


A3 




13 


20 




A8 


A4 




14 


19 




A7 


A5 




15 


18 




A6 


Vcc 




16 


17 




v S s 



PIN NOMENCLATURE 


A0-A12 


Address Inputs 


CAS 


Column-Address Strobe 


DQ0-DQ7 


Data In /Data Out 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


W 


Write Enable 


v cc 


3.3-V Supply 


vss 


Ground 
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TMS464160DZ, DQC PACKAGE 
(TOP VIEW) 



V CC L 
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dqo r 
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48 1 


DQ2 [ 


4 


47 1 


UUo L 
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46 1 
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V DD L 
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44 
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D07 r 


10 


41 1 


NC [ 


11 


40 


vcc L 
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39 


w r 


13 


38 


re r 


14 


37 1 


NC [ 


15 


36 


NC [ 


16 


35 


NCC 


17 


34: 


NC [ 


18 


33 [ 


A0[ 


19 


32 ; 


A1 [ 


20 


31 ] 


A2[ 


21 


30 ] 


A3[ 


22 


29 ] 


A4[ 


23 


28 ] 


A5[ 


24 


27] 


VccC 


25 


26 ] 



PIN NOMENCLATURE 


A0-A12T 


Address Inputs 


CASorLCE, UCE 


Column-Address Strobe 


DQ0-DQ15 


Data In /Data Out 


NC 


No Internal Connection 


5E 


Output Enable 


RAS 


Row-Address Strobe 


RE 


Read Enable 


W 


Write Enable 


vcc 


3.3-V Supply 


v S s 


Ground 



NC 
NC 

A12/NCT 

A11 

A10 

A9 

A8 

A7 

A6 

V S S 



Table 1. TMS464160 Refresh Configuration 





4KREFRESHT 


8K REFRESH t 


Row/refresh addresses 


A0-A11 


A0-A12 


Column addresses 


A0-A9 


A0-A8 



t Pin 33 is A12 for 8K refresh and NC for 4K refresh. CBR refresh is strongly recommended for this device. 

device symbolization (TMS464400P illustrated) 




Speed (-60, -70, -80) 
Power/Self-Refresh Code 
Package Code 

Assembly Site Code 
Lot Traceability Code 
Month Code 
Year Code 
Die Revision Code 
Wafer Fab Code 
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Organization ... 1 048576 x 16 
Single Power Supply (5 V or 3.3 V) 
Performance Ranges: 

ACCESS ACCESS ACCESS READ OR 



DZ PACKAGE 
(TOP VIEW) 



DGE PACKAGE 
(TOP VIEW) 





TIME 


TIME 


TIME 


EDO 




tRAC 


tCAC 


tAA 


CYCLE 




MAX 


MAX 


MAX 


MIN 


'4XX169/P-60 


60 ns 


15 ns 


30 ns 


25 ns 


'4XX169/P-70 


70 ns 


18 ns 


35 ns 


30 ns 


'4xx169/P-30 


80 ns 


20 ns 


40 ns 


35 ns 



• Extended Data Out (EDO) Operation 

• xCAS-Before-RAS (xCBR) Refresh 

• Long Refresh Period and Self-Refresh 
Option (TMS4xx169P) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• High-Reliability Plastic 42-Lead (DZ Suffix) 
400-Mil-Wide Surface-Mount (SOJ) Package 
and 44/50-Lead (DGE Suffix) Surface-Mount 
Thin Small-Outline Package (TSOP) 

• Operating Free-Air Temperature Range 

0°Cto70°C 

• Texas Instrument Enhanced Performance 
Implanted CMOS (EPIC™) Process 

AVAILABLE OPTIONS 



Vrr f 


1 


42 


1 Vqc 
j v So 


DQO [ 


2 


41 


] DQ15 


DQ1 [ 


3 


40 


] DQ14 


DQ2 [ 


4 


39 


] DQ13 


DQ3 f 


5 


38 


] DQ12 


Vrc[ 


6 


37 


] Vee 


DQ4[ 


7 


36 


] DQ11 


DQ5[ 


8 


35 


]DQ10 


DQ6 [ 


9 


34 


] DQ9 


DQ7[ 


10 


33 


] DQ8 


NC [ 


11 


32 


] NC 


NC[ 


12 


31 


]LCAS 


W[ 


13 


30 


]UCAS 


RAS[ 


14 


29 


]OE 


A1lt[ 


15 


28 


]A9 


A10t [ 


16 


27 


]A8 


A0[ 


17 


26 


]A7 


A1[ 


18 


25 


] A6 


A2[ 


19 


24 


]A5 


A3[ 


20 


23 


] A4 


v cc [ 


21 


22 


]v ss 



v cc [ 

DQ0[ 
DQ1 [ 
DQ2[ 
DQ3[ 

Vcct 

DQ4[ 
DQ5[ 
DQ6[ 
DQ7[ 
NC[ 



DEVICE 


POWER 
SUPPLY 


SELF 
REFRESH, 
BATTERY 
BACKUP 


REFRESH 
CYCLES 


TMS416169 


5V 




4096 in 64 ms 


TMS416169P 


5V 


Yes 


4096 in 128 ms 


TMS418169 


5V 




1024 in 16 ms 


TMS418169P 


5V 


Yes 


1024 in 128 ms 


TMS426169 


3.3 V 




4096 in 64 ms 


TMS426169P 


3.3 V 


Yes 


4096 in 128 ms 


TMS428169 


3.3 V 




1024 in 16 ms 


TMS428169P 


3.3 V 


Yes 


1024 in 128 ms 



NC[ 
NC[ 
W [ 
RAS [ 
AHt[ 
A10t [ 
A0[ 
A1 
A2 [ 
A3[ 

Vcct 



]v ss 

]DQ15 
48 ] DQ14 
47 ] DQ13 
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41 ] DQ8 
40 ]NC 
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] NC 
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SE 

A9 

A8 

A7 

A6 

A5 

A4 

V S S 



t A1 0 and A1 1 are NC for TMS4x81 69 and TMS4x81 69P. 



PIN NOMENCLATURE 


A0-A11 


Address inputs 


DQ0-DQ15 


Data In /Data Out 


LCAS 


Lower Column-Address Strobe 


UCAS 


Upper Column-Address Strobe 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


VCC 


5-V or 3.3-V Supply* 


VSS 


Ground 


W 


Write Enable 



* See Available Options Table. 



description 

The TMS4xx1 69 series is a set of high-speed, 
16777216-bit dynamic random-access memo- 
ries (DRAMs) organized as 1048576 words of 
1 6 bits each. The TMS4xx1 69P series is a similar 
set of high-speed, low-power, self-refresh, 
16777216-bit DRAMs organized as 1048576 

words of 1 6 bits each. Both sets employ state-of-the-art EPIC™ technology for high performance, reliability, and 
low power at low cost. 

These devices feature maximum RAS access times of 60 ns, 70 ns, and 80 ns. All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The TMS4xx169 and TMS4xx169P are offered in a 44/50-lead plastic surface-mount TSOP (DGE suffix) and 
a 42-lead plastic surface-mount SOJ (DZ suffix) package. These packages are characterized for operation from 
0°Cto70°C. 
EPIC is a trademark of Texas Instruments I 



PRODUCTION DATA Information It currant m of j 

Products conform to •ptcffl cations psr ths terms of Tsxss Instruments 
stsndsrd warranty. Production procssslny doss not necessarily Induds 
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logic symbol* 



AO 



17 



A1 
A2 
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UCAS 
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1 048 575 
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20D18 
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> 23C22 
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DQ4- 
DQ5- 
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DQ9-J 
DQ10-: 
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DQ13- 
DQ14- 
DQ15 - 



3 4 ► 






4 4h 
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7 4 ^ 
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9 4 " 

w*+- 














34 4 ^ 






35 4 » 




36 4 ^ 




38 ' ^ 




39 
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41 ^ ^ 





tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

The pin numbers shown correspond to the DZ package. 
* A1 0 and A1 1 are NC for TMS4x81 69 and TMS4x81 69P. 
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functional block diagram (TMS4x6169/P) 
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Column Decode 
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256K Array 



256K Array 



256K Array 



256K Array 



256K Array 
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I/O 
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Selection 



Data- 
in 
Reg. 



Data- 
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Reg. 
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DQ0-DQ15 



(a) TMS4X61 69, TMS4x61 69P 

functional block diagram (TMS4x8169/P) 
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DQ0-DQ15 



10 



(b) TMS4x8169,TMS4x8169P 
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operation 
dual CAS 

Two CAS pins (L CAS a nd UCAS) are provided to giv e inde pendent control of the 16 data-l/O pins 
(DQ0-DQ15), with LCAS corresponding to DQ0-DQ7 and UC AS corresponding to DQ 8-DQ15. For read or 
write cycles, the column address is latched on the first xCAS falling edge. Each xCAS going lo w enab les its 
corresponding DQx pin with data associated with the column address latche d on the first falling xCAS edge. 
All address setup and hold parameters are referenced to the first falling xC AS edg e.The delay time from xCAS 
low to valid data out (see parameter tcAc) is measured from each individual xCAS to its corresponding DQx pin. 

In order to latch in a new column address, bot h xCAS pins must be broug ht high . The column-precharge time 
(see parameter tcp) is measured from the last xCAS r ising edge to the first xCAS falling edge of the new cycle. 
Keeping a colum n address valid while toggling xCAS r equire s a minimum setup time, tcLCH- During tci_CH» at 
least one xCAS must be brought low before the other xCAS is taken high. 

For early-write cycle s, the data is latched on the fir st xCAS falling edge. Only the DQs that have the 
corresponding xCAS low are written into. Each xCAS must mee t tcAS minimum in order to ensure writing 
into the storage cell. To latch a new address and new data, all xCAS pins must be high and meet top. 

extended data out 

Extended data out (EDO) allows for data output rates of up to 40 MHz for 60-ns devices. When keeping the same 
row address while selecting random column addresses, the time for row-address setup and hold and address 
multiplex i s elim inated. The maximum number of columns that can be accessed is determined by tRASP» the 
maximum RAS low time. 

EDO does not enter the DQs into the high- imped ance state with the rising edge of xCAS. The output remains 
valid for the system to latch the data. After xCAS goes high, the DRAM is decoding the next address. OE and 
W can be used to control the output impedance. Descriptions of OE and W further explain EDO operation 
benefit. 

address: AO- A1 1 (TMS4x61 69, TMS4x61 69P) and AO- A9 (TMS4x81 69, TMS4x81 69P) 

Twenty address bits are required to decode a single one of the 1048576 storage cell locations. For the 
T MS4x6 1 69 and TMS4x61 69P, 1 2 row-address bits are set up on AO through A1 1 and latched on to the chip 
by RAS. Eight column-address bits are set up on AO through A7 and latched on the chip by the first xCA S. For 
the TMS4x81 69 and TMS4x81 69P, 1 0 row-address bits are set up on A0-A9 and l atched on the chip by RAS. 
Ten column-address bits are set up on A0-A 9 an d latched on the chip by the first xCAS. All addresses must 
be stable on or before the falling edge of RA S and x CAS. RAS is similar to a chip-enable in that it activates the 
sense amplifiers as well as the row decoder. xCAS is used as a chip-select, activating its corresponding output 
buffer and latching the address bits into the column-address buffers. 

write enable (W) 

The read or write mode is selected through W. A logic high on W selects the read mode and a logic low s elects 
the write mode. The data input is disabled when the read mode is selected. When W goes low prior to xCAS 
(early write), data out remains in the high-impedance state for the entire cycle, permitting a write operation 
independent of the state of OE. This permits early-write operation to be completed with OE grou nded. I f W goes 
low in an extended-data-out read cycle, the DQs go into the high-impedance state as long as xCAS is high. 

data In (DQ0-DQ15) 

D ata is w ritten during a write or read-modify-write cycle. Depending on the mode of operation, the fallin g edge 
of xCAS or W strobes data into the on-chip dat a latch . In an early-write cycle, W is brought low prior to xCAS 
and the data is strobed in by the first occurring xCAS with setup and hold times referenced to this signal. In a 
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data in (DQ0-DQ1 5) (continued) 

delayed-write or read-modify-write cycle, xCAS is already low and the data is strobed in by W with setup and 
hold times referenced to this signal. In a delayed-write or read-modify-write cycle, OE must be high to bring the 
output buffers to the high-impedance state prior to impressing data on the I/O lines. 

dataout(DQ0-DQ15) 

Data out is the same polarity as data-in. The output is in the high-impedance (floating) state until xCAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval tcAC (which begins with 
the negative transition of xCAS) as long as tp^c and t^ are satisfied. 

output enable (OE) 

OE controls the impedance of the output buffers. While xCAS and RAS are low and W is high, OE can be brought 
low or high and the DQs transition between valid data and high impedance . There are two methods for placing 
the DQs into the high-impedance sta te and keeping them that way dujring xCAS high time usi ng OE . The first 
method is to transition OE high before xCAS transitions high and keep OE high for tc H ppast t he CAS transition. 
This disables the DQs and they remain i n the h igh-impedance state, regardless of OE, until xCAS falls again. 
The second me thod is to have OE low as xCAS transitions high. Then OE can pulse high for a minim um of tQEP 
anytime during CAS high time disabling the DQs regardless of further transitions on OE until CAS falls again. 

RAS-only refresh 

TMS4x6169,TMS4x6169P 

A refresh operation must be performed at least once every 64 ms (256 ms for TMS4x61 69P) to retain data. This 
is achieved by strobing each of the 4096 rows (A0-A11). A normal read or write cy cle refreshes all bits in each 
row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

TMS4x8169,TMS4x8169P 

A refresh operation must be performed at least once every 1 6 ms (1 28 ms for TMS4x81 69P) to retain data. This 
is achieved by strobing each of the 1 024 rows (A0-A9). A normal read or write cy cle refreshes all bits in each 
row that is selected. A RAS-only operation can be used by holding both xCAS at the high (inactive) level, 
conserving power as the output buffers remain in the high-impedance state. Externally generated addresses 
must be used for a RAS-only refresh. 

hidden refresh 

Hidde n refresh can be performed while maintain ing va lid data at the output pins. This is accomplished by ho lding 
xCAS at V|l after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 

xCAS-before-RAS (xCBR) refresh 

xCBR refr esh is achieved by bringing at least one xCAS low earlier than RAS (see parame ter tcsR) and holding 
it low a fter R AS falls (see parameter tcHR)- For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 

battery-backup refresh 



A low-power battery-backup refresh mode that requires less than 600 \jlA (5 V) or 350 mA (3.3 V) refresh current 
is avail able o n the TMS4x61 69R Data integrity is maintained using xCBR refresh with a period of 31 .25 jas while 
holding RAS low for less than 300 ns. To minimize current consumption, all input levels must be at CMOS levels 
(V, L < 0.2 V,V,h>V cc - 0.2 V). 



TMS4X6169P 
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TMS4X8169P 

A low-power battery-backup refresh mode that requires less than 600 jjA (5 V) or 350 mA (3.3 V) ref resh current 
is available on the TMS4x81 69P. Using xCBR refresh with a period of 1 25 while holding RAS low for less 
than 300 ns maintains data integrity. To minimize current consumption, all input levels must be at CMOS levels 
(V| L < 0.2 V,V, H > V CC -0.2 V). 

self-refresh (TMS4xx169P) 

The self-refresh mode is entered by dropping xCAS low prior to RAS going low. Then xCAS and RAS are both 
held low for a minimum of 100 \xs. The chip is then refreshed internally by an on-board oscillator. No external 
addr ess is req uired b ecause the CBR counter is used to keep track of the address. To exit the self-refresh mode, 
both RAS and xCAS are brought high to satisfy tcHS- Upon exiting self-refresh mode, a burst refresh (refresh 
a full set of row addresses) must be executed before continuing with normal operation. The burst refresh 
ensures the DRAM is fully refreshed. 

power-up 

To achieve proper device operation, an initial pause of 200 \x& followed by a minimum of eight initialization cycles 
i s requ ired after power-up to the full Vcc level - These eight initialization cycles must include at least one refresh 
(RAS-only or xCBR) cycle. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, V C c: TMS41x169, TMS41x169P -1 Vto7V 

TMS42X1 69, TMS42x1 69P .. - 0.5 V to 4.6 V 

Voltage range on any pin (see Note 1): TMS41x1 69, TMS41x1 69P - 1 V to 7 V 

TMS42X1 69, TMS42x169P .-0.5 V to 4.6 V 

Short-circuit output current ... ; 50 mA 

Power dissipation — ..... 1 W 

Operating free-air temperature range, TX 0°C to 70°C 

Storage temperature range, T stg - 55°C to 125°C 



t stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





'41x169 


'42x169 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


Vcc Supply voltage 


4.5 5 5.5 


3 3.3 3.6 


V 


Vss Supply voltage 


0 


0 


V 


V|H High-level input voltage 


2.4 6.5 


2 Vcc + 0.3 


V 


V|_ Low-level input voltage (see Note 2) 


-1 0.8 


-0.3 0.8 


V 


Ta Operating free-air temperature 


0 70 


0 70 


°c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



J?Texas 
Instruments 

4-196 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 
1 048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS 

SMKS886A - APRIL 1 995 - REVISED JUNE 1995 



TMS416169/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


'416169-60 
'416169P-60 


'416169-70 
'416169P-70 


'416169-80 
'416169P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


lOH =- 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


lOL = 4.2 mA 


0.4 


0.4 


0.4 


V 


Input current 
1 (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0 V to Vqc 


±10 


±10 


±10 


HA 


. Output current 
0 (leakage) 


V C C - 5.5 V, Vo = 0 V to Vcc. 
xCAS high 


±10 


±10 


±10 


HA 


. j§ Read- or wrlte-cycle 
CC1 current 


Vcc = 5.5 V, Minimum cycle 


90 


80 


70 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


V|H- VCC -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and xCAS high 


'416169 


1 


1 


1 


mA 


'416169P 


500 


500 


500 


MA 


Average refresh 
ICC3^ current (RAS-only 
refresh or CBR) 


Vcc ■ 5.5 V, Minimum cycle, 

RAS cycling, 

xCAS high (RAS only), 

RAS low after xCAS low (CBR) 


90 


80 


70 


mA 


ICC4* 11 Average EDO current 


Vcc = 5.5 V, tHPC = MIN, 
RAS low, xCAS cycling 


100 


90 


80 


mA 


ICC6* Self-refresh current 


xCAS<0.2V, RAS < 0.2 V, 
Measured after tRASS min 


500 


500 


500 


MA 


Battery back-up 
operating current 
'CC1 0* (equivalent refresh 
time is 128 ms);CBR 
only 


tRC - 31 .25 [ts, tRAS * 300 ns < 
Vcc - 0.2 V*V|H* 6.5 V, 
0 V * V| L s 0.2 V, W and OE - V|H, 
Address and data stable 


600 


600 


600 


ma 



t For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 

.* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V|[_ 
^ Measured with a maximum of one address change while xCAS = V|h 
*ForTMS416169Ponly 
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TMS418169/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONSt 


'418169-60 


'418169-70 

■HolOW- f U 


'418169-80 

'At A1 AOD_On 
•llOlOJfr-OU 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


lOH = — 5 mA 


OA 


OA 


OA 


\/ 

V 


v Low-level output 
V ° L voltage 


•OL* 4 - 2 ^ 


0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vcc^S.SV, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±10 


±10 


±10 


MA 


. Output current 
10 (leakage) 


Vcc = 5.5 V, Vq = 0 V to Vcc. 
xCAS high 


* 10 


± 10 


± 10 


HA 


j§ Read- or 
CC1 write-cycle current 


Vqc- 5.5 V, Minimum cycle 


190 


180 


170 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


V| H = V C C -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and xCAS high 


'418169 


1 


1 


1 


mA 


'418169P 


500 


500 


500 


MA 


Average refresh 
ICC3^ current (RAS-only 
refresh or CBR) 


Vcc? 5 5.5 V, Minimum cycle, 

RAS cycling, xCAS high (RAS only), 

RAS low after xCAS low (CBR) 


190 


180 


170 


mA 


lrr A *1 Avera 9eEDO 
ut/4 current 


Vcc = 5.5 V, tHPC-M'N, 
RAS low, xCAS cycling 


100 


90 


80 


mA 


ICC6* Self-refresh current 


xCAS<0.2V, RAS<0.2V, 
Measured after tRASS min 


500 


500 


500 


HA 


Battery back-up 
operating current 
ICC1 (equivalent refresh 
time is 128 ms); 
CBR only 


tRC = 1 25 us, tRAS * 300 ns, 
Vcc - 0.2 V*V| H * 6.5V, 
0 V s V|L * 0.2 V, W and OE = V| H , 
Address and data stable 


600 


600 


600 


MA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
♦ Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V|[_ 
Measured with a maximum of one address change while xCAS = Vih 
#ForTMS418169Ponly 
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TMS426169/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONSt 


'426169-60 
'426169P-60 


'426169-70 
'426169P-70 


'426169-80 
'426169P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
Vqh output 
voltage 


lOH =- 2 mA 


LVTTL 


2.4 


2.4 


2.4 


V 


lOH =- 100 ^A 


LVCMOS 


Vcc-02 


Vcc-0.2 


Vcc-0.2 


v Low-level 
^ L output voltage 


lOL = 2 mA 


LVTTL 


0.4 


0.4 


0.4 


V 


•OL- 100 MA 


LVCMOS 


0.2 


0.2 


0.2 


• inpui uUiltJlll 

1 (leakage) 


Vcc= s 3.6V, V| = 0Vto3.9V, 
All others = 0VtoVcc 


±10 


±10 


±10 


ma 


. Output current 
0 (leakage) 


Vqc - 3.6 V, Vo = 0 V to Vqc. 
xCAS high 


±10 


±10 


±10 


ma 


. j§ Read- or write- 
CC1 cyC | e curr ent 


Vcc = 3 6 v « Minimum cycle 


on 


an 


/ U 


mA 


Standby 
•CC2 current 


V|H = 2V(LVTTL), 
After 1 memory cycle, 
RAS and xCAS high 


1 


1 


1 


mA 


VlH* VCC -0.2 V 
(LVCMOS), 
After 1 memory cycle, 
RAS and xCAS high 


'426169 


500 


500 


500 


MA 


'4261 69P 


200 


200 


200 


HA 


Average 
refresh current 
•CC3 S (RAS-only 
refresh 
or CBR) 


Vcc*3.6V, Minimum cycle, 
RAS cycling, 

xCAS high (RAS-only refresh) 
RAS low after xC AS low (CBR) 


90 


80 


70 


mA 


Itca** Avera 9 eED0 
'CC4 current 


Vqc = 3.6 V, tHPC-MIN, 
RAS low, xCAS cycling 


100 


90 


80 


mA 


. # Self-refresh 
'CC6 current 


xCAS<0.2V, RAS<0.2V, 
Measured after tRASS min 


250 


250 


250 


MA 


Battery 
back-up 
operating 
. # current 
CC1 ° (equivalent 

refresh time is 
128 ms), 
CBR only 


tRC = 31 .25 [\s, tRAS * 300 ns, 
Vqc " 02 VsV|H* 3.9 V, 
0V*V| L *0.2V, WandOE = V| H , 
Address and data stable 


350 


350 


350 


jiA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 
^ Measured with a maximum of one address change while xCAS = V|h 

# For TMS426169P only 
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TMS428169/P 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
conditions (unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONST 


■428169P-60 


WOlQ9 a iU 

•428169P-70 


'AOQ4 AO - CIA 

'428169P-80 


UNIT 


UIM UAV 
Mini MMa 


UIM MAY 
MIN MMA 


UIM UAV 
MIrl MMA 


High-level 
Voh output 
voltage 


lOH = - 2 mA 


LVTTL 


2.4 


2.4 


2.4 


V 


IOH s ~ 100 mA 


LVCMOS 








v Low-level 
0L output voltage 


lOL = 2 mA 


LVTTL 


0.4 


0.4 


0.4 




I O L=100mA 


LVCMOS 


0.2 


0.2 


0.2 


Input current 
' (leakage) 


Vcc s 3.6V, V|=0Vto3.9V, 
All others = 0VtoVcc 


±10 


±10 


±10 


HA 


. Output current 
'° (leakage) 


Vqc « 3.6 V, Vo = 0 V to Vqc. 
xCAS high 


±10 


±10 


±10 


HA 


. ^§ Read- or write- 
CC1 C y C | e curr ent 


V CC ■ 3-6 v » Minimum cycle 


190 


180 


170 


mA 


Standby 
! CC2 current 


V|H = 2V(LVTTL), 
After 1 memory cycle, 
RAS and xCAS high 


1 


1 


1 


mA 


V|H = Vcc-0.2V 
(LVCMOS), 
After 1 memory cycle, 
RAS and xCAS high 


'428169 


500 


500 


500 


»A 


*4281 69P 


200 


200 


200 


ma 


Average 
refresh current 
ICC3 S (RAS-only 
refresh 
or CBR) 


V CC - 3.6 v » Minimum cycle, 
RAS cycling, 

xCAS high (RAS-only refresh) 
RA§ low after xCA§ low (CBR) 


190 


180 


170 


mA 


IrW* Average EDO 
' CC4 current 


VCC^.eV, tHPC = MIN, 
RAS low, xCAS cycling 


100 


90 


80 


mA 


. # Self-refresh 
006 current 


xCAS<0.2V, RAS<0.2V, 
Measured after tRASS min 


250 


250 


250 


HA 


Battery 
back-up 
operating 
. # current 
0010 (equivalent 

refresh time is 
128 ms), 
CBR only 


tRC * 1 25 us, tRAS * 300 ns, 
Vcc-0.2ViV| H 3s3.9V, 
0VsV|L«0.2V, WandOE = V|H, 
Address and data stable 


350 


350 


350 


MA 



t For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS ■ V||_ 
1 Measured with a maximum of one address change while xCAS = V|h 

# For TMS428169P only 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


C I( A) 


Input capacitance, A0-A11 


5 


PF 


Ci(OE) 


Input capacitance, 5E 


7 


PF 


C|(RC) 


Input capacitance, xCAS and RAS 


7 


PF 


c \m 


Input capacitance, W 


7 


PF 


Co 


Output capacitance 


7 


PF 



NOTE 3: Vqc = 5 V ± 0.5 V or 3.3 V ± 0.3 V, and the bias on pins under test is 0 V. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 





PARAMETER 


'4xx169-60 
'4xx169P-60 


*4xx1 69-70 
*4xx169P-70 


•4xx1 69-80 
'4xx169P-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




*AA 


Access time from column address (see Note 4) 


30 


35 


40 


ns 


tCAC 


Access time from xCAS low (see Note 4) 


15 


18 


20 


ns 


tCPA 


Access time from column precharge (see Note 4) 


35 


40 


45 


ns 


tRAC 


Access time from RAS low (see Note 4) 


60 


70 


80 


ns 


*OEA 


Access time from OE low (see Note 4) 


15 


18 


20 


ns 


tCLZ 


Delay time, xCAS low to output in low-impedance state 


0 


0 


0 


ns 


tOEZ 


Output disable time after 5E high (see Note 5) 


3 


15 


3 


18 


3 


20 


ns 


tREZ 


Output disable time after RAS high (see Note 5) 


3 


15 


3 


18 


3 


20 


ns 


tCEZ 


Output disable time after CAS high (see Note 5) 


3 


15 


3 


18 


3 


20 


ns 


tWEZ 


Output disable time after W low (see Note 5) 


3 


15 


3 


18 


3 


20 


ns 



UJ 

s 

Q. 

D 
Q 
O 

OC 
CL 



NOTES: 4. Access times for TMS42x1 69 are measured with output reference levels of Vqh = 2 V and Vol = 0.8 V. 
5. Maximum tREZ* tCEZ' tWEZ ancj tQEZ are specified when the output is no longer driven. 

EDO timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4xx169-60 


»4xx1 69-70 


'4XX169-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*HPC Cycle time, EDO page-mode read or write 


25 


30 


35 


ns 


tPRVVC c y cle time, EDO read-write 


80 


90 


100 


ns 


tQSH Hold time, x€A§ from RA5 


50 


55 


60 


ns 


tcHO Hold time, Ol from xCAS 


10 


10 


10 


ns 


tDOH Hold time, output from xCAS 


3 


3 


3 


ns 


tcAS Pulse duration, xCAS 


10 10000 


12 10000 


15 10000 


ns 


tyvpE Puise duration, W (output disable only) 


5 


5 


5 


ns 


tocH Setup time, OE before xCAS 


10 


10 


10 


ns 


top Precharge time, xCAS 


5 


5 


5 


ns 


tQEP Precharge time, OE 


5 


5 


5 


ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4xx169-60 

1 WW ■ WW 


'4xx1 69-70 
*4xx169P-70 

^Mw% 1 wwi f W 


»4xx1 69-80 

^^^fc 1 WW! WW 


UNIT 


MIN MAY 

mln MHA 


MIN MAY 
mini WIMA 


IAIM MAY 
mini ima^a 


*RG oyci© iimo, reeiQ \ooo route oy 


1 1U 


IOU 


■1 CO 
1 OU 


ns 


WvC Vsycio lime, wnio ^sdc inuu? oy 


11D 
1 IU 


IOU 


A CO 
IOU 


ns 


fm a * f^wda tlrma maH- tA/rita /eao Kl^ta AA 
*RWG vyCIo ItiTlo, roaU'Wnio \5fcJo IMOle O) 


4 cn 

1 OU 


I/O 


000 

<uu 


ns 


tnA An Pi ilea duration DAC I/ma/ na/*ia moda /eao Mota 7\ 
lpv\SP r Uloo UUlcUIUil, nno low, pctyo IMUUU \oOO INUU7 f/ 


eo 1 no ooo 


70 -ton 000 
1 u 1 uu uuu 


ao 1 on 000 
OU 1 uu uuu 




to a e> Pi ilea duration P. Aft low nnnnsno moHo /coo NIotA 7\ 
ipt/\5 r uioe uuiaiiun, rv\o iuw, iiuiipaye muuo ^ooo ixuio tj 


AO m nnn 


70 10 000 
1 U IU uuu 


an m 000 
OU 1 u uuu 




tnn Pi ilea di iration DAC Hinh /nra/^horno\ 

ip^p r uioo uuraiiuii, nMO niyn iprovncuyoy 


40 


50 


AO 

OU 


ns 


t\A/D Pi ilea duration W low 


10 


10 


10 


ns 


tAO/"* SAtun timA nnliimn AddrAQft hAfora yOAS low 

AwV wvlup III 1 Iw , wwiUIIIII CIvlUI V7ww WIMIO AvnU lUn 


o 


0 


0 


ns 


t»oD Sfitun timA row AddrAee hafnrA RAS low 


o 


0 


0 


03 


tr\o SAtnn timo data feaa NotA ft\ 

l|J^ VJwlUp III 1 Iw, UCIICI \900 1 'lulO ©y 


o 


0 


0 


ns 


tooo SAtun timo \A/ hinh hAforA yf^AS low 


0 


0 


0 




t/-»\A/i Soti in timo W low hoforo yf^AS hinh 
OWL. woiup in no, vv iv/yv voiuio Avnw iiiyii 


10 


12 


15 


ns 


tnitn Qatun tima \A/ low Hafora QAC hinh 

*RWL ooiup iif no, vv iuw ucmuio nno niyn 


10 
IU 


19 


10 


ns 


ft a is^r* Qati m tima \A/ l/\u# Kafora vP.AQ I^ma/ /aarl\/_iA/rita nnaratinn onh/\ 

lyvGS oexup unit?, vv iuw ootoio xwno iuw ^eciny-wnitj upwictuun uniyy 


o 


0 


0 


ns 


t/^Ai_i Hold tima column Addraee aftor vfiAS low 
iQ,//\rl nuiu uiuo, vUluiiiii duuiooo aiiof Xuno IUW 


10 


15 


15 


ns 


tr>i i Hold tima data /caa Hlota Q\ 
*DH noivJ lime, uellcl \ooo INUw Oy 


10 


15 


15 
10 


ns 


to a i_i Hold timA row AddrAec AftAr R AS low 
-HAH nviu mil - , iwW civjvjiwwO cuiwi nrtu ivn 


10 


1 0 


10 


ns 


tRCH Hold time, W high after xCAS high (see Note 9) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 9) 


0 


0 


0 


ns 


tWCH Hold time, W low after xCAS low (early-write operation only) 


10 


15 


15 


ns 


tCLCH Hold time, xCAS low to xCAS high • 


5 


5 


5 


ns 


tRHCP Hold time, RAS high from xCAS precharge 


35 


40 


45 


ns 


*OEH Hold time, OE command 


15 


18 


20 


ns 


*ROH Hold time, RAS referenced to OE 


10 


10 


10 


ns 


*CHS Hold time, xCAS low after RAS high (self refresh) 


-50 


-50 


-50 


ns 


Delay time, column address to W low 
AWD (read-write operation only) 


55 


63 


70 


ns 


t/^uD HaIav timA RAS low to yCAS hinh /yCRR refresh onh/Y 

L*uioy in i iV| rmw wn iw Awr^w iiiyii ^Avun i w 1 1 vol I wiiiyy 


10 


10 


10 


ns 


tCRP Delay time, xCAS high to RAS low 


5 


5 


5 


ns 


tcSH Delay time, RAS low to xCAS high 


50 


55 


60 


ns 


tcSR Delay time, xCAS low to RAS low (xCBR refresh only) 


5 


5 


5 


ns 


tQWD Delay time, xCAS low to W low (read-write operation only) 


40 


46 


50 


ns 


tOED Delay time, OE to data 


15 


18 


20 


ns 


tRAD Delay time, RAS low to column address (see Note 1 0) 


15 30 


15 35 


15 40 


ns 


*RAL Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL Delay time, column address to xCAS high 


20 


25 


30 


ns 


tRCD D © la y time, RAS low to xCAS low (see Note 10) 


20 45 


20 52 


20 60 


ns 



NOTES: 6. All cycle times assume tf » 5 ns. 

7. In a read-write cycle, tRwD and ^WL must De observed. 

8. Referenced to the later of xCAS or W in write operations 

9. Either tRRH or tRQH must be satisfied for a read cycle. 

1 0. The maximum value is specified only to assure access time. 
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timing requirements over recommended ranges of 
temperature (continued) 



supply voltage and operating free-air 





'4xx1 69-60 
4XX169P-60 


'4xx1 69-70 
4XX169P-70 


•4xx1 69-80 
4xx1 69P-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRpc Delay time, RAS high to xCAS low 


0 


0 


0 


ns 


tRSH Dela y time - xCAS low to RAS high 


10 


12 


15 


ns 


tRWD Delay time, RAS low to W low (read-write operation only) 


OO 


Oft 


nu 


ns 


tcpw Delay time, W low after xCAS precharge (read-write operation only) 


60 


68 


75 


ns 


tRASS Pulse duration, self-refresh entry from RAS low 


100 


100 


100 


|iS 


tRPS Pulse duration, RAS precharge after serf refresh 


110 


130 


150 


ns 


*REF Refresh time interval 


'4x6169 


64 


64 


64 


ms 


•4x61 69P 


128 


128 


128 


'4x8169 


16 


16 


16 


ms 


'4x81 69P 


128 


128 


128 


t-r Transition time 


2 30 


2 30 


2 30 


ns 



PARAMETER MEASUREMENT INFORMATION 

v T h 



vcc 



Output Under Test " 



CL = 100pF ^ 
(see Note A) 



(a) LOAD CIRCUIT 



Output Under Test' 



C|_ = 100pF 
(see Note A) 



R1 



i £ R2 



(b) ALTERNATE LOAD CIRCUIT 



DEVICE 


vcc(V) 


R1(Q) 


R2(Q) 


VJH(V) 


R L (Q) 


41X169/P 


5 


828 


295 


1.31 


218 


42x1 69/P 


3.3 


1178 


868 


1.4 


500 



NOTE A: Cl includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



UCAS 



LCAS 



*ASR 



Address 



W 



DQ0-DQ15 



OE 




NOTES: B. To hold the address latc hed by the first xCAS going low, the parameter tcLCH must 06 met - 

C. tQAC is measured from xCAS to its corresponding DQx. 

D. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

E. xCAS order is arbitrary. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



UCAS 



LCAS 



Address 



W 



DQ0-DQ15 



OE 




NOTES: A. To hold the address lat ched b y the first xCAS going low, the parameter tcLCH must 06 met - 

B. Refere nced to the first xCAS or W, whichever occurs last 

C. xCAS order is arbitrary. 



LU 

> 
LU 

CC 
Q. 

Q 

O 
CC 
Q. 



Figure 3. Write-Cycle Timing 
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RAS 



UCAS 



LCAS 



«ASR" 



Address 



W 



"0 

30 
O 
D 
C 

o 

H 

"0 

30 

— DQ0-DQ15 

rn 



OE 



PARAMETER MEASUREMENT INFORMATION 

^ — — ■ — — two— — : ; — 



• tRAS " 



' tRCD ' 



tCSH 



I ' n — r 

' tCLCH 
(see Note A) 



• tRSH " 



*RAD • 



ft-if- tRAH | I 



l! 



tASC" 



Row 



I 



T 



-tCAL" 



I I 



- tRAL " 



tRP 



1 



tCRP" 



-tcp- 



Column 



tWCS H4- 



aaaaaa; * 
Don't Care 



Don't Care 



I 



tWCH " 



tCWL 



■twp- 



- tRWL " 



Valid Data In 



17 



kAAAAAAA 

Don't Care 



-M— t D H 



tDS- 



IAAAAAAA 

Don't Care 

vvvvvvvv 



NOTES: A. To hol d the address latched by the first xCAS going low, the parameter tcLCH must 06 met - 
B. xCAS order is arbitrary. 

Figure 4. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



UCAS 



LCAS 



Address 



W 



DQ8-DQ15 




tAA 

»-tcAC-N 
(see Note C) I 

tRAC M 



OE 



DQ0-DQ7 



www 
Don't Care 

AAAAAA 



" *OEA 



-w 



I I 
|4-#r- tQEZ 



W^j-t D H 
t DS 



LU 

> 
LU 

CC 
CL 

H 
O 

Q 
O 
OC 
0. 



A 



See Note B 



tCAC->| 



I 



vwww 

Don't Care 

>AAAAAAAi 



NOTES: A. To hold the address latched by the first xCAS going low, the parameter tCLCH must 06 met - 

B. Output can go from the high-im pedance state to an invalid-data state prior to the specified access time. 

C. tQAC is measured from xCAS to its corresponding DQx. 

D. xCAS order is arbitrary. 



Figure 5. Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



DCA§ 



■ *RASP • 




k- tRCD -w 

J I 



tCRP 



r 

tRHCP h 



»CLCH 
(see Note A) 



-t H pc- 



tRSH 
—J 



-j *CSH "j — H 
tCAS 

ii 



l5a§ 



H «— tASR 



I tRAH 



I I 

11 1 k^-tCAH 



i 



Address 



' *CAL " 



tRALI 



Column #2 



t R AD ► 



TT 

I I 




vwwJw 

Don't Care 



TT 

! W 

i r 

i J i 



- tCAC 1 

(see Note B) 



" *AA ' 



tRCS: 



»l i 



*RAC- 



n 
I 



• *RCH I » 1 

— "V 7 



tCEZ" 



— — tQPA 
(see Note C) 

i 



«RRH 



VVAA/WU 

Don't Care 

/\/\/\/\/\/\ 



*REZ 



See Note D 



*CLZ -j4- 



DQ8-DQ15 



DQ0-DQ7 




li 



Data#1 



"*AA 



See Note D 



Data#1 



3 



*OEZ 



Data #2 



„ , AAAAAAA/ 1 

61 <W Don't Care 



-tQEA- 



NOTES: A. To hold the address latc hed by the first xCAS going low, the parameter tpLCH ^ u8t 06 m9t 

B. tcAC is measured from xCAS to its corresponding DQx. 

C. Access time is tQPA or tAA dependent. 

D. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

E. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write- and read-modify-write-timing 
specifi cations are not violated. 

F. xCAS order is arbitrary. 



Figure 6. Extended-Data-Out Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



xCAS 



Addr 



OE 



W 



DQ 



*RASP 



tCSH 



*CAS 



tHPC 



-H I 



I 
l 

tcp 



H — ^ 



V 



I l" tasH -H — *l 

I 



r tA£ f R i r 



i 



i 



Row 



I 

tRAD-H*" 



I I 
I I 



, tA SQ 

h M— tCAH 



4- tcAL " 

1 1 I 



-*\ ! 



Column #1 



I 




-•I II 

I I I 
I I I 

1 !! 

I I 

nr 



Column #2 

" T T — r 

J 1 

k>CH, 




tRAL 

I _J 



Column #3 



I I 



I 



K+hf k)EP I 



/tm. 



*OEA 



tRCS 



I 

I I 
I I 
I I 



tCLZ -j^j 
tCAC-^ 
tAA-H 



tRAC 



i ! 



I 

I 
I 

tCHO 

« 

tOEP 

i 

i 



i 



i i 

i i 



! *RRH ■ 




^ | »1 k)EA 



tRCH 



i — r 

*DOH — ^ *\ 

I I 
I I 
tCPA 



' « » ! tQEZ 



T 



U~ tAA ~+\ 

I 
I 



k)EZ 



*AA 



I 



H 



tCEZ -U- 
tREz' 



UJ 

> 

UJ 

cc 

Q. 

H 
O 
D 
Q 
O 
QC 
Q. 



-^ 0)ATA»ft — DATA #1 DATA*2^ —— — ^ DATA #3 ^ — 



Figure 7. Extended-Data-Out Read-Cycle Timing With OE Control 
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RAS 



xCAS 



Addr 



OE 



3D 
O 

a 
o 

H 

"0 

30 

m 
< 
m 

3 



W 



DQ- 



K 



PARAMETER MEASUREMENT INFORMATION 

tRASP 



% — V 



-tcSH" 



tRp- 



*ASR 

H M— *RAH ! I 



- *HPC " 



^tRSH 



TS H M 



h — *cas — H I 



Row 



Column #1 




" *pAL " 

I 



k^tcRP 



i i 



Column #2 




H tRAL~^ 

Column #3 



K— tRAD — *| 



4- 



"*oea TT 



• tRCS ■ 



I 



4- 



TT 

*WPE-fH1 

ii!! 
i i 



•*-tcAC— H 



I 



! H-^| l — + 

*AA, W tcPA|- 



twEZ 



J u, I 



"tRAC- 



tAA" 

I 
I 



T 




tCAC -J« — H 

I 
I 
I 
I 
I 



T 



*DOH 
"tCPA 



•« tAA— H 



tRCH 
*RRH 



l«— H~ *CEZ 



DATA #1 



3 — C 



DATA #2 



XjEEE> 



Figure 8. Extended-Data-Out Read-Cycle Timing With W Control 
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PARAMETER MEASUREMENT INFORMATION 




Address 



DQO- 
DQ7 



OE 



NOTES: A. To hold the address lat ched b y the first xCAS going low, the parameter tpLCH must 06 met - 

B. Referenced to the first xCAS or W, whichever occurs last 

C. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-modify-write-timing 
specifi cations are not violated. 

D. xCAS order is arbitrary. 

Figure 9. Extended-Data-Out Write-Cycle Timing 
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U 
30 
O 
D 
C 

o 

H 
"0 

n 

< 

m 



RAS 



UCAS 



LCAS 



Address 



W 



DQ0-DQ15 



OE 



PARAMETER MEASUREMENT INFORMATION 

- tRASP " 




xxxxxx 



NOTES: A. To hold the address latched by the first xOAS going low, the parameter tcLOH must met - ' 

B. Access time is tcpA" or tAA-dependent. 

C. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

D. xCAS order is arbitrary. ) 

E. A read or write cycle can be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications are 
not violated. 

F. tcAC fe measured from xCAS to its corresponding DQx. 

Figure 10. Extended-Data-Out Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



H tR C N 




Figure 11. RAS-Only Refresh-Cycle Timing ^ 

D 
Q 
O 
CC 
Q. 
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30 
O 
D 
C 

o 

H 

■o 

30 

m 
< 
m 
3 



PARAMETER MEASUREMENT INFORMATION 
Refresh Cycle ■ 

i-k- 



Memory Cycle 

tRAS 



■ Refresh Cycle - 



I I t RP ^4— M t CH R ~1* -*| | 



xCAS 



I I 

tASR->|Wt 

I > 



Address 



W 



DQ0-DQ15 



OE 




Figure 12. Hidden-Refresh-Cycle Timing 



4-214 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



HAS 



xCAS 



TMS416169, TMS416169P, TMS418169, TMS418169P 
TMS426169, TMS426169P, TMS428169, TMS428169P 
1 048576-WORD BY 16-BIT EXTENDED DATA OUT HIGH-SPEED DRAMS 

SMKS886A- APRIL 1995 - REVISED JUNE 1995 

PARAMETER MEASUREMENT INFORMATION 

h« tR C M 



H *RP- 



tRAS- 



A t f 



*rpc-W Kf- | p tcHR 



AAAAAAA/ 

w <XXXXXXXXXXXXXXXXXX)00<XX?WQC oon'tcr. 

vvvvvvv 



aaaaaaa/ 

Address <XXXXXXXXXXXXXXXXXXXXXXXXXX)C Don't Cars 



/\/\/\/\/\/\/\ 



.AAAAAAA/ 

OE WMfitt^^ 



DQ0-DQ15 Hl-Z - 

NOTE A: Any xCAS can be used. 



Figure 13. Automatic-xCBR-Refresh-Cycle Timing 



is 

o: 

Q. 

o 

D 
Q 

O 
CC 
Q. 
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Figure 1 4. Self-Refresh-Cycle Timing 
device symbolization (TMS416169P illustrated) 
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Speed (-60, -70, -80) 

- Low-Power/Self-Refresh Designator (Blank or P) 

- Package Code 



- Assembly Site Code 



LotTraceablllty Code 
Month Code 
- Year Code 
Die Revision Code 
Wafer Fab Code 
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DGE PACKAGE 
(TOP VIEW) 



• Organization . . . 2M x 4 x 2 Banks 

• 3.3-V Power Supply (±10% Tolerance) 

• Two Banks for On-Chip Interleaving 
(Gapless Accesses) 

• High Bandwidth - Up to 100-MHz Data 
Rates 

• Burst Length Programmable to 1, 2, 4, or 8 

• Programmable Output Sequence - Serial or 
Interleave 

• Chip Select and Clock Enable for 
Enhanced-System Interfacing 

• Cycle-by-Cycle DQ-Bus Mask Capability 

• Programmable Read Latency From Column 
Address 

• Self-Refresh Capability 

• High-Speed, Low-Noise LVTTL 

• Power-Down Mode 

• Compatible With JEDEC Standards 

• 4K Refresh (Total for Both Banks) 

• 2-Bit Prefetch Architecture for High Speed 
Performance 

• Performance Ranges: 

ACTV 

SYNCHRONOUS COMMAND TO REFRESH 
CLOCK CYCLE READ OR WRITE TIME 
TIME COMMAND INTERVAL 

*CK *RCD *REF 

(MIN) (MIN) (MAX) 

TMS626402-10 10 ns 30 ns 64 ms 

TMS626402-12 12.5 ns 35 ns 64 ms 

TMS626402-15 15 ns 40 ns 64 ms 

description 

The TMS626402 series are high-speed 
16777216-bit synchronous dynamic random- 
access memories organized as two banks of 
2097 1 52 words with four bits per word. 

All inputs and outputs of the TMS626402 series 
are compatible with the low-voltage TTL (LVTTL) 
interface. 

The synchronous DRAM employs state-of-the-art 
EPIC™ (Enhanced Performance Implanted 
CMOS) technology for high performance, 
reliability, and low power. All inputs and outputs 
are synchronized with the CLK input to simplify 
system design and enhance use with high-speed 
microprocessors and caches. 

The TMS626402 synchronous DRAM is available in a 400-mil, 44-pin surface-mount TSOP (II) package (DGE 
suffix). 

PRODUCTION DATA 
Products conform to 
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PIN NOMENCLATURE 


A0-A10 


Address Inputs 




A0-A1 0 Row Addresses 




A0-A9 Column Addresses 




A10 Automatic-Precharge Select 


A11 


Bank Select 


CAS 


Column-Address Strobe 


CKE 


Clock Enable 


CLK 


System Clock 


CS 


Chip Select 


DQ0-DQ3 


SDRAM Data Input/ Data Output 


DQM 


Data/ Output Mask Enable 


NC 


No External Connect 


RAS 


Row-Address Strobe 


vcc 


Power Supply (3.3 V Typ) 


VCCQ 


Power Supply for Output Drivers (3.3 V Typ) 


vss 


Ground 


VSSQ 


Ground for Output Drivers 


W 


Write Enable 



testing of ill parameters. 
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operation 

Ail inputs of the '626402 synchronous DRAM are latched on the rising edge of the system (synchronous) clock. 
The outputs, DQ0-DQ3, are also referenced to the rising edge of CLK. The '626402 has two banks that are 
accessed independently. A bank must be activated before it can be accessed (read from or written to) . Refresh 
cycles refresh both banks alternately. 

Six basic commands or functions control most operations of the '626402: 

• Bank activate/row-address entry 

• Column-address entry/write operation 

• Column-address entry/read operation 

• Bank deacti vate 

• CA§-before-RAS (CBR) 

• Self-refresh entry 

Additionally, operation can be controlled by three methods: using chip select (CS) to select/deselect the 
devices, using DQM to enable/mask the DQ signals on a cycle-by-cycle basis, or using CKE to suspend (or gate) 
the CLK input. The device contains a mode register that must be programmed for proper operation. 

Tables 1 through 3 show the various operations that are available on the '626402. These truth tables identify 
the commands and/or operations and their respective mnemonics. Each truth table is followed by a legend that 
explains the abbreviated symbols. An access operation refers to any READ (READ-P) or WRT (WRT-P) 
command in progress at cycle n. Access operations include the cycle upon which the READ (READ-P) or WRT 
(WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 



functional block diagram 



CLK ► 



CKE ► 



AND 



cs- 

DQM- 



RAS- 
CAS- 

w- 
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operation (continued) 



Table 1. Basic-Command Truth Tablet 



COMMAND 


STATE OF 
BANK(S) 


CS 


RAS 


CAS 


W 


A11 


A10 


A9-A0 


MNEMONIC 


Mode register set 


T = deac 
B = deac 


L 


L 


L 


L 


X 


X 


A9=X 
A8-0 
A7»0 
A6-A0*V 


MRS 


Bank deactivate (precharge) 


v 
A 


i 

L 


i 

L 


ii 
n 


i 

L 


DC 
DO 


L 


v 

A 


UfcAO 


Deactivate all banks 


X 


L 


L 


H 


L 


X 


H 


v 

A 


UUAb 


Bank activate/row-address entry 


SB = deac 


L 


L 


H 


H 


DC 
DO 


V 


V 


AO IV 


Column-address entry/write 
operation 


SB = actv 


L 


H 


L 


L 


BS 


L 


V 


WRT 


Column-address entry/write 
operation with autodeactivate 


SB = actv 


L 


H 


L 


L 


BS 


H 


V 


WRT-P 


Column-address entry/read 
operation 


SB - actv 


L 


H 


L 


H 


BS 


L 


V 


READ 


Column-address entry/read 
operation with autodeactivate 


SB = actv 


L 


H 


L 


H 


BS 


H 


V 


READ-P 


Burst stop 


SB = actv 


L 


H 


H 


L 


X 


X 


X 


STOP 


No operation 


X 


L 


H 


H 


H 


X 


X 


X 


NOOP 


Control input inhibit /no operation 


X 


H 


X 


X 


X 


X 


X 


X 


DESL 


CBR refresh* 


T = B = 
deac 


L 


L 


L 


H 


X 


X 


X 


REFR 



t For execution of these commands on cycle n, CKE (n) must be high and satisfy tcESP from power-down exit (PDE), tcES and nCLE from 

clock-suspend (HOLD) exit, and tcESP and *RC from self-refresh (SLFR) exit. DQM (n) is a don't care. 
* CBR or self-refresh entry requires that all banks be deactivated or in an idle state prior to the command entry. 



Legend: 
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Logic low 
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Logic high 


X 
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T 


= 


BankT 


B 
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Bank B 


actv 


as 


Activated 


deac 


s 


Deactivated 


BS 


s 


Logic high to select bank T; logic low to select bank B 


SB 




Bank selected by A1 1 at cycle n 
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operation (continued) 



Table 2. CKE-Use Command Truth Tablet 



COMMAND 


STATE OF BANK(S) 


CKE 
(rt-1) 


CKE 
(n) 


CS 
(n) 


RAS 
(n) 


CAS 
(n) 


w 

(n) 


MNEMONIC 


Self-refresh entry 


TaBs deac 


H 


L 


L 


L 


L 


H 


SLFR 


Power-down entry at n + 1 


T ■ B ■ no 

access operation* 


H 


L 


L 


H 


H 


H 


PDE 


H 


L 


H 


X 


X 


X 


PDE 


Self-refresh exit 


T * B * self refresh 


L 


H 


L 


H 


H 


H 




L 


H 


H 


X 


X 


X 




Power-down exit 


T = Bs power down 


L 


H 


X 


X 


X 


X 




CLK suspend at n + 1 


T or B = access 
operation* 


H 


L 


X 


X 


X 


X 


HOLD 


CLK suspend exit at n + 1 


Tor B ■ access 
operation* 


L 


H 


X 


X 


X 


X 





t For execution of these commands, A0-A1 1 (n) and DQM (n) are don't cares. 

* An access operation refers to any READ (READ-P) or WRT (WRT-P) command in progress at cycle h. Access operations include the cycle upon 
which the READ (READ-P) or WRT (WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 



Legend: 
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operation (continued) 



Table 3. DQM-Use Command Truth Tablet 



COMMAND 


STATE OF 
BANK(S) 


DQM 

(n) 


DATA IN 
(n) 


DATA OUT 
(n+2) 


MNEMONIC 




T = deac 

and 
B = deac 


X 


N/A 


Hi-Z 




— 


T = actv 

and 
B = actv 
(no access operation)* 


X 


N/A 


Hi-Z 


— 


Data-in enable 


T ■ write 
or 

B = write 


L 


V 


N/A 


ENBL 


Data-in mask 


T = write 
or 

B = write 


H 


M 


N/A 


MASK 


Data-out enable 


T ■ read 
or 

B = read 


L 


N/A 


V 


ENBL 


Data-out mask 


T = read 

or 
B = read 


H 


N/A 


Hi-Z 


MASK 



t For execution of these commands, CKE (n) must be high and satisfy tp ESP fr om powe r-down exit (PDE), tcES ar, d "CLE from clock-suspend 

(HOLD) exit, and tQESP and *RC from self-refresh (SLFR) exit. CS (n), RAS (n), CAS (n), W (n), and A0-A11 (n) are don't cares. 
* An access operation refers to any READ (READ-P) or WRT (WRT-P) command in progress at cycle n. Access operations include the cycle upon 
which the READ (READ-P) or WRT (WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 



Legend: 

n = CLK cycle number 

L - Logic low 

H = Logic high 

X = Don't care 

V - Valid 

M = Masked input data 

N/A = Not applicable 

T * BankT 

B ■ BankB 

actv = Activated 

deac = Deactivated 

write = Activated and accepting data in on cycle n 

read = Activated and delivering data out on cycle n + 2 
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burst sequence 

All data for the '626402 is written or read in a burst fashion; that is, a single starting address is entered into the 
device and the '626402 internally accesses a sequence of locations based on that starting address. Some of 
the subsequent accesses after the first can be at preceding as well as succeeding column addresses, 
depending on the starting address entered. This sequence can be programmed to follow either a serial burst 
or an interleave burst (see Tables 4 through 6). The length of the burst sequence can be user programmed to 
be either 1 -, 2-, 4-, or 8-bit accesses. After a read burst is completed (as determined by the programmed burst 
length), the outputs are in the high-impedance state until the next read access is initiated. 



Table 4. 2-Bit Burst Sequences 





INTERNAL COLUMN ADDRESS AO 


DECIMAL 


BINARY 


START 2ND 


START 2ND 


Serial 


0 1 


0 1 


1 o 


1 0 


Interleave 


0 1 


0 1 


1 0 


1 0 



Table 5. 4-Bit Burst Sequences 





INTERNAL COLUMN ADDRESS A1 -AO 




DECIMAL 


BINARY 




START 


2ND 


3RD 


4TH 


START 


2ND 


3RD 


4TH 




0 


1 


2 


3 


00 


01 


10 


11 


Serial 


1 


2 


3 


0 


01 


10 


11 


00 


2 


3 


0 


1 


10 


11 


00 


01 




3 


0 


1 


2 


11 


00 


01 


10 




0 


1 


2 


3 


00 


01 


10 


11 


Interleave 


1 


0 


3 


2 


01 


00 


11 


10 


2 


3 


0 


1 


10 


11 


00 


01 




3 


2 


1 


0 


11 


10 


01 


00 



«* / — \ / — s / — \ r — s / — v. 

^"aJ_^ — v_L/" — — — — 

I* Minimum of Two Cycles ^ 

NOTE: For burst sequence of one, subsequent read or write commands must be done at least two clock cycles from initial read or write command 
(see timing diagram above), 

Figure 1. Subsequent Read or Write CMD for BL = 1 
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burst sequence (continued) 



Table 6. 8-Blt Burst Sequences 















INTERNAL COLUMN ADDRESS A2- 


-AO 














DECIMAL 


BINARY 




START 


2ND 


3RD 


4TH 


5TH 


6TH 


7TH 


8TH 


START 


2ND 


3RD 


4TH 


5TH 


6TH 


7TH 


8TH 




0 


1 


2 


3 


4 


5 


6 


7 


000 


001 


010 


011 


100 


101 


110 


111 




1 


2 


3 


4 


5 


6 


7 


0 


001 


010 


011 


100 


101 


110 


111 


000 




2 


3 


4 


5 


6 


7 


0 


1 


010 


011 


100 


101 


110 


111 


000 


001 


Serial 


3 


4 


5 


6 


7 


0 


1 


2 


011 


100 


101 


110 


111 


000 


001 


010 


4 


5 


6 


7 


0 


1 


2 


3 


100 


101 


110 


111 


000 


001 


010 


011 




5 


6 


7 


0 


1 


2 


3 


4 


101 


110 


111 


000 


001 


010 


011 


100 




6 


7 


0 


1 


2 


3 


4 


5 


110 


111 


000 


001 


010 


011 


100 


101 




7 


0 


1 


2 


3 


4 


5 


6 


111 


000 


001 


010 


011 


100 


101 


110 




0 


1 


2 


3 


4 


5 


6 


7 


000 


001 


010 


011 


100 


101 


110 


111 




1 


0 


3 


2 


5 


4 


7 


6 


001 


000 


011 


010 


101 


100 


111 


110 




2 


3 


0 


1 


6 


7 


4 


5 


010 


011 


000 


001 


110 


111 


100 


101 


Interleave 


3 


2 


1 


0 


7 


6 


5 


4 


011 


010 


001 


000 


111 


110 


101 


100 


4 


5 


6 


7 


0 


1 


2 


3 


100 


101 


110 


111 


000 


001 


010 


011 




5 


4 


7 


6 


1 


0 


3 


2 


101 


100 


111 


110 


001 


000 


011 


010 




6 


7 


4 


5 


2 


3 


0 


1 


110 


111 


100 


101 


010 


011 


000 


001 




7 


6 


5 


4 


3 


2 


1 


0 


111 


110 


101 


100 


011 


010 


001 


000 



latency 

The beginning data-output cycle of a read burst can be programmed to occur 1 , 2, or 3 CLK cycles after the read 
command (see setting the mode register). This feature allows the user to adjust the '626402 to operate in 
accordance with the system's capability to latch the data output from the '626402. The dela y betw een the READ 
command and the beginning of the output burst is known as read latency (also known as CAS latency). After 
the initial output cycle begins, the data burst occurs at the CLK frequency without any intervening gaps. Use 
of minimum read latencies is restricted based on the particular maximum frequency rating of the '626402. 

There is no latency for data-in cycles (write latency) . The first data-in cycle of a write burst is entered at the same 
rising edge of CLK on which the WRT command is entered. The write latency is fixed and not determined by 
the mode-register contents. 

two-bank operation 

The '626402 contains two independent banks that can be accessed individually or in an interleaved fashion. 
Each bank must be activated with a row address before it can be accessed. Each bank must then be deactivated 
before it can be activated a gain with a ne w row_address. The bank-activate/row-address-entry command 
(ACTV) is entered by holding RAS low, CAS high, W high, and A1 1 valid on the rising edge of CLK. A bank can 
be deactivated either automatically during a READ (READ-P) or a WRT (WRT-P) command or by use of the 
deactivate-bank (DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see 
Table 1 and the bank deactivation description). 

two-bank row-access operation 

The two-bank feature allows the user to access information on random rows at a higher rate of operation than 
is possible with a standard DRAM. This is accomplished by activating one bank with a row address, and while 
the data stream is being accessed to/from that bank, activating the second bank with another row address. 
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two-bank row-access operation (continued) 

When the data stream to /from the first bank is complete, the data stream to/from the second bank can begin 
without interruption. After the second bank is activated, the first bank can be deactivated to allow the entry of 
a new row address for the next round of accesses. In this manner, operation can continue in an interleaved 
fashion. Figure 27 is an example of two-bank row interleaving with automatic deactivate for the case of a read 
latency of 3 and a burst length of 8. 

two-bank column-access operation 

The availability of two banks allows the access of data from random starting columns between banks at a higher 
rate of operation. After activating each bank with a row address (ACTV command) , A1 1 can be used to alternate 
READ or WRT commands between the banks to provide gapless accesses at the GLK frequency, provided all 
specified timing requirements are met. Figure 28 is an example of two-bank column interleaving with a read 
latency of 3 and a burst length of 2. 



bank deactivation (precharge) 

Both banks can be simultaneously deactivated (placed in precharge) by using the DCAB command. A single 
bank can be deactivated by using the DEAC command. The DEAC command is entered identically to the DCAB 
command except that A1 0 must be low and A1 1 selects the bank to be precharged as shown in Table 1 . A bank 
can also be deactivated automatically by using A1 0 during a READ or WRT command. If A1 0 is held high during 
the entry of a READ or WRT command, the accessed bank (selected by A1 1) automatically deactivates upon 
completion of the access burst. If A1 0 is held low during READ or WRT command entry, that bank remains active 
following the burst. The READ and WRT commands with automatic deactivation are denoted as READ-P and 
WRT-P. 



chip select (CS) 

CS can be used to select or deselect the '626402 for command entry, which might be required for multiple 
memory-d evice decod ing. If CS is held high on the rising edge of CLK (DESL command), the device does not 
respond to RAS, CAS, or W until the device is selected again. Device select is accomplished by holding CS low 
on the rising edge of CLK. Any other valid command can be entered simultaneously on the same rising CLK 
edge of the select operation. The device can be selected/deselected on a cycle-by-cycle basis (see 
Tables 1 and 2). Th e usejrf CS does not affect an access burst that is in progress; the DESL command can only 
restrict RAS, CAS, and W input to the '626402. 



data/output mask 

Masking of individual data cycles within a burst sequence can be accomplished by use of the MASK command 
(see Table 3). If DQM is held high on the rising edge of CLK during a write burst, the incident data word 
(referenced to the same rising edge of CLK) on DQ0-DQ3 is ignored. If DQM is held high on the rising edge 
of CLK for a read burst, DQ0-DQ3 referenced to the second rising edge of CLK are in the high-impedance state. 
The application of DQM to data output cycles (READ burst) involves a latency of two CLK cycles, but the 
application of DQM to data-in cycles (WRITE burst) has no latency. The MASK command (or its opposite, the 
ENBL command) is performed on a cycle-by-cycle basis, allowing the user to gate any individual data cycle or 
cycles within either a read- or a write-burst sequence. Figure 31 shows an example of data/output masking. 

NOTE: Data masking using DQM input is not supported when the mode register is set for read latency of one and burst length of one. If the mode 
register is in this mode, the DQM pin should be held low. 



CLK suspend/power-down mode 

For normal device operation, CKE should be held high to enable CLK. If CKE goes low during the execution 
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DQ bus at the immediate next rising edge 
of CLK is frozen at its current state, and no further inputs are accepted until CKE is returned high. 
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CLK suspend/power-down mode (continued) 

This CLK suspend/power-down mode is known as a CLK suspend operation, and its execution is denoted as 
a HOLD command. The device resumes operation from the point at which it was placed in suspension, 
beginning with the second rising edge of CLK after CKE is returned high. 

If CKE is brought low when no READ (READ-P) or WRT (WRT-P) command is in progress, the device enters 
power-down mode. If both banks are deactivated when power-down mode is entered, power consumption is 
reduced to the minimum. Power-down mode can be used during row-active or CBR-refresh periods to reduce 
input-buffer power. After power-down mode has been entered, no further inputs are accepted until CKE returns 
high. To ensure data in the device remains valid during the power-down mode, the self-refresh command 
(SLRF) must be executed concurrently with the power-down entry command (PDE). When exiting power-down 
mode, new commands can be entered on the first CLK edge after CKE returns high, provided that the setup 
time (tcESP) ' s satisfied. Table 2 shows the command configuration for a CLK suspend/power-down operation, 
and Figures 1 8 and 1 9 show an example of the procedure. 



setting the mode register 

The '626402 contains a mode register that the user shoud program with the read latency, the burst type, and 
the burst length. This is accomplished by executing an MRS command with the information entered on address 
lines A0-A8. A logic 0 should always be entered on A7 and A8, but A9-A11 are don't-care entries for the 
'626402. Figure 2 shows the valid combinations for a successful MRS command. Only valid addresses allow 
the mode register to be changed. If the addresses are not v alid, the pre vious contents of the mode register 
remain unaffected. The MRS command is executed by holding RAS, CAS, and W low, and the input-mode word 
valid on A0-A8 on the rising edge of CLK (see Table 1). The MRS command can be executed only when both 
banks are deactivated. 



A11 


A10 


A9 


A8 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 



Reserved 



0 * Serial 

1 ■ Interleave 
(burst type) 



REGISTER 
BITSt 


READ 
LATENCY* 


A6 


A5 


A4 


0 


0 


1 


1 


0 


1 


0 


2 


0 


1 


1 


3 



t All other combinations are 

reserved. 
* Refer to timing requirements for 

minimum valid-read latencies 

based on maximum frequency 

rating. 



REGISTER 
BITS§ 


BURST LENGTH 


A2 


A1 


AO 


0 


0 


0 


1 


0 


0 


1 


2 


0 


1 


0 


4 


0 


1 


1 


8 



§ All other combinations are reserved. 



Figure 2. Mode-Register Programming 
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refresh 

The '626402 must be refreshed at intervals not exceeding tREF ( see timing requirements) or data cannot be 
retained. Refres h can be acc ompli shed by performing a read or write access to every row in both banks, by 
performing 4096 CAS-before-RAS (REFR) commands, or by placing the device in self refresh. Regardless of 
the method used, refresh must be accomplished before tp^F nas expired. 

CAS-before-RAS (CBR) refresh 

Before performing a CAS -bef ore-R AS refresh, both banks must be deactivated (placed in precharge) . To enter 
a REFR command, RAS and CAS must be low and W must be high upon the rising edge of CLK (see Table 1 ). 
The refresh address is generated internally such that after 4096 REFR commands, both banks of the '626402 
are refreshed. The external address and bank select (A11) are ignored. The execution of a REFR command 
automatically deactivates both banks upon completion of the internal CBR cycle. This allows consecutive 
REFR-only commands to be executed, if desired, without any intervening DEAC commands/The REFR 
commands do not necessarily have to be consecutive, but all 4096 must be completed before tRgp expires. 

self refresh 

To enter self refresh, both banks of the '626402 must first be deactivated and a SLFR command must be 
executed (see Table 2). The SLFR command is identical to the REFR command except that CKE is lo w. For 
proper entryjof the SLFR command, CKE is brought low for the same rising edge of CLK that RAS and CAS 
are low and W is high. CKE: must be held low to stay in self-refresh mode. In the self-refresh mode, all refreshing 
signals are generated internally for both banks with all external signals (except CKE) being ignored. Data can 
be retained by the device automatically for an indefinite period when power is maintained (consumption is 
reduced to a minimum). To exit self-refresh mode, CKE must be brought high. New commands are issued after 
tpo has expired. If CLK is made inactive during self refresh, it must be returned to an active and stable condition 
before CKE is brought high to exit self refresh (see Figure 21 ). 

Upon exiting self-refresh, the normal refresh scheme must begin immediately. If the burst-refresh scheme is 
used, 4096 REFR commands must be executed before continuing with normal device operations. If a 
distributed-refresh scheme utilizing CBR is used (e.g., two rows every 32 \is), the first set of refreshes must be 
performed before continuing with normal device operation. This ensures that the SDRAM is fully refreshed. 



interrupted bursts 

A read or write can be interrupted before the burst sequence has been completed with no adverse effects to 
the operation. This is accomplished by entering certain superseding commands as listed in Tables 7 and 8, 
provided that all timing requirements are met. The command interrupting either a read or write burst must be 
entered only on an even number of cycles (2n rule) from the initial burst command (nCCD). nCCD is defined 
as the number of clock cycles from the initial command to the interrupting command. In the case when the 
number of clock cycles between a read/write command and the following command is greater than the burst 
length, the "2n rule" and nCCD does not apply. A DEAC command is considered an interrupt only if it is issued 
to the same bank as the preceding READ or WRITE command. The interruption of READ-P and WRT-P 
operations is not supported. 
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Interrupted bursts (continued) 



Table 7. Read-Burst Interruption 



INTERRUPTING COMMAND 


EFFECT OR NOTE ON USE DURING READ BURST 


DEAC, DCAB 


The DQ bus is placed in the high-impedance state when nHZP cycles are satisfied or upon completion of the 
read burst, whichever occurs first (see Figures 5 and 21). 


WRT, WRT-P 


The WRT command immediately supersedes the read burst in progress, but DQM must be high nDOD+1 and 
nDOD cycles previous to the WRT (WRT-P) command (see Figure 4). 


READ, READ-P 


Current output cycles continue until the programmed latency from the superseding READ (READ-P) 
command is met, and new output cycles begin (see Figure 3). 


STOP 


The DQ bus is placed in the high-impedance state two clock cycles after the stop command is entered or upon 
completion of the read burst, whichever occurs first. The bank remains active. A new read or write command 
cannot be entered for at least two cycles after the STOP command (see Figure 5). 



nCCD x 2 (even) 




CLK 'I 

READ Command 
for Column Address CO 
(see Note A) 



DQ0-DQ3 



Interrupting 
READ Command 
for Column Address C1 
(see Note A) 




^ CO CO 4- 1 ^~ C1 C1 + 1 Xci+2 



First Output Cycle for New READ 
Command Begins Here 



NOTE A: For the purposes of this example, read latency = 2 and burst length > 2. 



Figure 3. Read Burst Interrupted by Read Command 



CLK 

READ Command 
for Column Address CO 
(see Note A) 



DQ0-DQ3 




DQM 



NOTES: A. For the purposes of this example, read latency = 2 and burst length > 2. 

B. DQM is held high for 2 CLK cycles (2 rising edges). DQM is held high for nDOD+1 to mask out bit prior to interrupting WRT command. 
DQM is held high for nDOD as specified spec. 



Figure 4. Read Burst Interrupted by Write Command 
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Interrupted bursts (continued) 



N nCCD » 2 (even) ->| 

I I 




NOTE A: For this example, read latency ■ 2 and burst length > 2. 

Figure 5. Read Burst Interrupted by STOP Command 



CLK 




I M nHZP = 3 H 

Interrupting 

READ Command DEAC/DCAB 
for Column Address CO Command 




NOTE A: For this example, read latency = 3 and burst length > 2. 

Figure 6. Read Burst Interrupted by DEAC Command 
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interrupted bursts (continued) 



Table 8. Write-Burst Interruption 



INTERRUPTING 
COMMAND 


EFFECT OR NOTE ON USE DURING WRITE BURST 


DEAC, DCAB 


The DEAC/DCAB command immediately supersedes the write burst in progress. DQM must be used to mask the DQ 
bus such that the write-recovery specification (tRWL) is not violated by the interrupt (see Figure 10). 


WRT, WRT-P 


The new WRT (WRT-P) command and data in immediately supersede the write burst in progress (see Figure 8). 


READ, READ-P 


Data in on previous cycle is written. No further data input is accepted (see Figure 7). 


STOP 


The data on the input pins at the time of the burst STOP command is not written, and no further data is accepted. The 
bank remains active. A new read or write command cannot be entered for at least two cycles after the STOP command 
(see Figure 9). 



CLK 




DQ0-DQ3 

NOTE A: For this example, read latency ■ 2 and burst length > 2. 

Figure 7. Write Burst Interrupted by Read Command 



CLK 




WRT Command 
for Column Address CO 
(see Note A) 



Interrupting 
WRT-P Command 



DQ CO 



NOTE A: For this example, burst length > 2. 

Figure 8. Write Burst Interrupted by Write Command 
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interrupted bursts (continued) 




CLK 



WRT Command 
for Column Address CO 
(see Note A) 



nBSD 



Interrupting 
STOP Command 



New Write Command 



DQ 



CO 



NOTE A: For tthis example, burst length > 2. 

Figure 9. Write Burst interrupted by STOP Command 



CLK 




DQ0-DQ3 



DQM 



WRT Command 
(see Note A) 



DEAC or DCAB Command 
(see Note A) 



D0-D3 P0-P3 ^"Ignored ^ - 



tRWL 



/ 



NOTE A: For this example, read latency = 2, burst length > 2, and trjK = tRWL- 

Figure 10. Write Burst interrupted by DEAC/DCAB Command 



power up 

Device initialization should be performed after a power up to the full Vqq level. After power is established, a 
200-jiS interval is required (with no inputs other than CLK). After this interval, both banks of the device must be 
deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the 
device initialization. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Supply voltage range for output drivers, Vqcq • • - 0.5 V to 4,6 V 

Voltage range on any pin (see Note 1 ) - 0.5 V to 4.6 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, TX 0°C to 70°C 

Storage temperature range, T stg - 55°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


V CC Supply voltage 


3 3.3 3.6 


V 


VccQ Supply voltage for output drivers 


3 3.3 3.6 


V 


Vss Supply voltage 


0 


V 


V SSQ Supply voltage for output drivers 


0 


V 


V|h High-level input voltage 


2 Vcc + 0.3 


V 


V||_ Low-level input voltage 


-0.3 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 
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electrical characteristics over recommended ranges of supply voltage and free-air temperature (unless otherwise noted) 
(see Note 2) 



PARAMETER 


TEST CONDITIONS 


'626402-10 


'626402-12 


'626402-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vqh High-level output voltage 


Iqh =- 2mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


IOL = 2mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


0 V s V| * Vcc + 0-3 V, All other pins = 0 V to Vcc 


±10 


±10 


±10 


HA 


Iq Output current (leakage) 


0 V s Vq * Vcc + 0-3 V, Output disabled 


±10 


±10 


±10 


HA 


'CC1 Average read or write current 


t RC = MIN, tCK = MIN, 
Read latency = 3 


1 bank active 


Burst length = 1 or 2 


90 


80 


70 


mA 


Burst length = 4 or 8 


110 


100 


90 


2 banks active 
interleaving 


Burst length = 1 or 2 


150 


120 


* 100 


Burst length = 4 or 8 


170 


140 


130 


ICC2 Standby current 


Both banks 
deactivated 


CKE=V|H, See Note 3 


16 


16 


16 


mA 


CKE=V| L 


2 


2 


2 


CKE = 0V(CMOS) 




1 


1 


One or both 

banks 

active 


CKE = V| L 


6 


6 


6 


•CC3 Consecutive CBR commands 


t RC = MIN 


90 


80 


70 


mA 


! CC4 Burst current, gapless burst 


ACTV not allowed, tcK=MIN, 
2-bank interleaved 


Read latency = 1 


70 


60 


50 


mA 


Read latency .= 2 


100 


90 


80 


Read latency = 3 


140 


120 


100 


•CC6 Self-refresh current 


CKE = V| L 


2 


2 


2 


mA 


CKE = 0V(CMOS) 


1 


1 


1 



NOTES: 



2. All specifications apply to the device after power-up initialization. 

3. All control and address inputs must be stable and valid. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 4) 





MIN MAX 


UNT 


Cj(S) Input capacitance, CLK 


7 


PF 


C KAC) ,n P ut capacitance, A0-A11 , CS, DQM, RAS, CAS, W 


5 


PF 


Cj(E) Input capacitance, CKE 


5 


PF 


C 0 Output capacitance 


8 


PF 


NOTE 4: Vqc * 3.3 ± 0.3 V and bias on pins under test is 0 V. 

ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperature t* 




'626402-10 


'626402-12 


'626402-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tcK Cycle time, CLK (system clock) 


Read latency = 1 


30 


36 


40 


ns 


Read latency = 2 


15 / 


18 


20 


Read latency * 3 


10 / 


12 


15 


*CKH Pu,se duration, CLK (system clock) high 


3 


3.5 


4 


ns 


*CKL Pu,se duration, CLK (system clock) low 


3 


3.5 


4 


ns 


t Access time, CLK f to data out 
AC (see Note 5) 


Read latency = 1 


29 


33 


38 


ns 


Read latency = 2 


14 


I 5 


18 


Read latency = 3 


9 


10 


12 


toH Hold time, CLK f to data out 


3 


3 


3 


ns 


Delay time, CLK to DQ in the low-impedance state 
tLZ (see Note 6) 


0 


0 


0 


ns 


t Delay time, CLK to DQ in the 
HZ high-impedance state (see Note 7) 


Read latency » 1 


20 


20 


20 


ns 


Read latency = 2 


12 


13 


14 


Read latency = 3 


9 


10 


11 


tps Setup time, data in 


2 


2 


2 


ns 


tA.s Setup time, address 


2 


2 


2 


ns 


tcs Setup time, control input (CS, RAS, CAS, W, DQM) 


2 


2 


2 


ns 


tCES Setup time, CKE (suspend entry/exit, power-down entry) 


2 


2 


2 


ns 


tcESP Setup time, CKE (power-down/self-refresh exit) (see Note 8) 


8 


10 


12 


ns 


*DH Hold time, data in 


2 


3 


4 


ns 


tAH Hold time, address 


2 


3 


4 


ns 


tQH Hold time, control input (CS, RAS, CAS, W, DQM) 


2 


3 


4 


ns 


tCEH Hold time, CKE 


2 


3 


4 


ns 


REFR command to ACTV, MRS, REFR or SLFR command; 
tRC ACTV command to ACTV, MRS, REFR or SLFR command; 
Self-refresh exit to ACTV, MRS, REFR or SLFR command 


100 


110 


125 


ns 



t See Parameter Measurement Information for load circuits 

* All references are made to the rising transition of CLK, unless otherwise noted. 

NOTES: 5. tAC is referenced from the rising transition of CLK that is previous to the data-out cycle. For example, the first data-out tAC is 



referenced from the rising transition of CLK that is read latency - 1 cycles after the READ command. An access time is measured 
at output reference level 1 .4 V. 

6. tLZ is measured from the rising transition of CLK that is read latency - 1 cycles after the READ command. 

7. tHZ ( max ) defines the time at which the outputs are no longer driven and is not referenced to output voltage levels. 

8. If toESP > *CK> NOOP or DESL commands must be entered until tQESP is met - CLK must be active and stable (if CLK was turned 
off for power down) before CKE is returned high. 
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ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued)"!"* 





'626402-10 


'626402-12 


'626402-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRAS ACTV command to DEAC or DCAB command 


60 100 000 


70 100 000 


80 100 000 


ns 


tRCD ACTV command to READ or WRT command 


30 


35 


40 


ns 


DEAC or DCAB command to ACTV, MRS, SLFR, 
RP or REFR command 


40 


40 


45 


ns 


Final data out of READ-P operation to ACTV, 
l APR MRS| SLFR, or REFR command 


tRp + (nEPxtCK) 


ns 


Final data in of WRT-P 
t operation to ACTV, MRS, 
WW SLFR, or REFR command 

(see Note 10) 


Burst length = 1 


1 clock+60 


1 clock+60 


1 clock+75 


ns 


Burst length > 1 


60 


60 


75 


Final data in to DEAC or 
tRWL DCAB command 
(see Note 11) 


Burst length = 1 


1 clock+20 


1 clock+20 


1 clock+30 


ns 


Burst length > 1 


20 


20 


30 


ACTV command for one bank to ACTV command 
tRRD for the other bank 


20 


25 


30 


ns 


tr Transition time, all inputs (see Note 9) 


1 5 


1 5 


1 5 


ns 


tREF Refresh interval 


64 


64 


64 


ms 



t See Parameter Measurement Information for load circuits 
* All references are made to the rising transition of CLK, unless otherwise noted. 
NOTES: 9. Transition time, ty, is measured between V|h and V|i_. 



10. for BL=1 only 
SPEED 

-10, -12 = tAPW is 60 ns from first unsuspended clock edge after last data in 
-15 = tAPW is 80 ns from firs* unsuspended clock edge after last data in 

11. forBL = 1only 
SPEED 

-1 0, -1 2 = tRWL is 20 ns from firs* unsuspended clock edge after last data in 
-15 ■ tRWL is 30 ns from first unsuspended clock edge after last data in 
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clock timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





'626402-10 


'626402-12 


'626402-15 


UNIT* 


MIN MAX 


MIN MAX 


MIN MAX 


nEp Final data out to DEAC or 
DCAB command 


Burst length = 1 , Read latency ■ 1 


1 


1 


1 


cycles 


Burst length = 1, Read latency * 2 


0 


0 


0 


Burst length = 1 , Read latency ■ 3 


— 1 






Burst length > 1 , Read latency = 1 


A 
U 


A 
U 


A 
U 


cycles 


Burst length > 1 , Read latency = 2 


— 1 


— 1 


4 

— 1 


Burst length > 1 , Read latency * 3 






_o 

""46 


DEAC or DCAB interrupt of 
H _ p data out burst to DQ in the 
n high-impedance state 
(see Note 12) 


Read latency = 1 


1 


4 

1 


1 


cycles 


Read latency = 2 


2 


2 


2 


Read latency = 3 


3 


3 


3 


rr n READ or WRT command to interrupting STOP, READ, WRT, DEAC, or 
noou DCAB command (i = 1 , 2, 3, . . . ) (see Note 1 3) 


2i 


2i 


2i 


cycles 


nCWL F ' nal data ' n t0 READ or WRT 
command in either bank 


Burst length = 1 


2 


2 


2 


cycles 


Burst length > 1 


1 


1 


1 


cycles 


nWCD WRT command to first data in 


0 0 


0 0 


0 0 


cycles 


nDID ENBL or MASK command to data in 


0 0 


0 0 


0 0 


cycles 


nDOD ENBL or MASK command to data out 


2 2 


2 2 


2 2 


cycles 


r | _ HOLD command to suspended CLK edge; 
n HOLD operation exit to entry of any command 


1 1 


1 1 


1 1 


cycles 


nRSA MRS command to ACTV, REFR, SLFR, or MRS command 


2 


2 


2 


cycles 


nCDD DESL command to control input inhibit 


0 0 


0 0 


0 0 


cycles 


nBSD STOP command to READ or WRT command 


2 


2 


2 


cycles 



t All references are made to the rising transition of CLK, unless otherwise noted. 

* A CLK cycle can be considered as contributing to a timing requirement for those parameters defined in cycle units only when not gated by CKE 

(those CLK cycles occurring during the time when CKE is asserted low). 
NOTES: 12. A data-out burst can be interrupted only on an even number of clock cycles after the initial READ command Is entered (refer to 



nCCD). 

1 3. A read or write burst can be interrupted only at an even number of clock cycles after entry of the initial READ or WRT command. 
The nCCD parameter is only required in the case of a burst interruption. 
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Table 9. Number of Cycles Required to Meet Minimum Specification for Key Timing Parameters 





TMS626402-10 


TMS626402-12 


TMS626402-15 


UNIT 


Operating frequency 


100 


80 


66 


50 


33 


80 


66 


50 


33 


66 


50 


33 


MHz 


tcK Cycle time, CLK (system clock) 


10 


12 


15 


20 


30 


12 


15 


20 


30 


15 


20 


30 


ns 


KEY PARAMETER 


NUMBER OF CYCLES REQUIRED 


Read latency, minimum programmed value 


3 


3 


2 


2 


1 


3 


3 


2 


2 


3 


2 


2 


cycles 


tRCD ACTV command to READ or WRT command 


3 


3 


2 


2 


1 


3 


3 


2 


2 


3 


2 


2 


cycles 


tRAS ACTV command to DEAC or DCAB command 


6 


5 


4 


3 


2 


6 


5 


4 


3 


6 


4 


3 


cycles 


tRp DEAC or DCAB command to ACTV, MRS, SLFR, or REFR command 


4 


4 


3 


2 


2 


4 


3 


2 


2 


4 


3 
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REFR command to ACTV, MRS, SLFR, or REFR command; self-refresh exit 
RC to ACTV, MRS, SLFR, or REFR command 
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Final data in to DEAC or DCAB 
tRWL command 


Burst length = 1 
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cycles 


Burst length > 1 
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1 
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tRRD ACTV command for one bank to ACTV command for the other bank 
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2 
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1 


1 


3 


2 


2 


1 


2 


2 


1 


cycles 


Final data out of READ-P operation to 
tAPR ACTV, MRS, SLFR, or REFR 
command 


Burst length = 1 , Read latency = 1 
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cycles 


Burst length = 1 , Read latency = 2 
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Burst length = 1, Read latency = 3 
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Burst length > 1 , Read latency = 1 
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cycles 


Burst length > 1, Read latency = 2 
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cycles 


Burst length > 1 , Read latency = 3 
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Final data in of WRT-P operation to 
t APW ACTV, MRS, SLFR, or REFR 
command 


Burst length = 1 
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Burst length > 1 
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PARAMETER MEASUREMENT INFORMATION 



general Information for ac timing measurements 

The ac timing measurements are based on signal rise and fail times equal to 1 ns (tj = 1 ns) and a midpoint 
reference level of 1 .4 V for LVTTL For signal rise and fall times greater than 1 ns, the reference level should 
be changed to V|h min and V||_ max instead of the midpoint level. All specifications referring to READ commands 
are also valid for READ-P commands unless otherwise noted. All specifications referring to WRT commands 
are also valid for WRT-P commands unless otherwise noted. All specifications referring to consecutive 
commands are specified as consecutive commands for the same bank unless otherwise noted. 



1.4 V 



3.3 V 



Output _ 
Under Test " 



RL*500Q 



C|_ = 50 pF 
(see Note A) 



R1 -1180Q 



Output _ 
Under Test " 



R2 = 868 Q 



T 



Cl « 50 pF 
(see Note A) 



(a) LOAD CIRCUIT 
NOTE A: C|_ includes probe and fixture capacitance. 



(b) ALTERNATE LOAD CIRCUIT 



Figure 11. Load Circuits 



CLK 



DQ0-DQ3 




Final Output of Burst 



NOTE A: For this example, assume read latency = 3 and burst length > 1 . 

Figure 12. nEP, Final Data Output to DEAC or DCAB Command 
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PARAMETER MEASUREMENT INFORMATION 



ft — — Read Latency 




Figure 13. Output Parameters 




+| DEAC, DCAB 
>| READ.WRT 
*J ACTV, MRS, REFR, SLFR 
>j ACTV, MRS, REFR, SLFR 
ACTV, MRS, REFR, SLFR 
>l ACTV, MRS, REFR, SLFR 
>j ACTV (of a different bank) 
ACTV, REFR, SLFR, MRS 
»! STOP, READ, WRT, DEAC, DCAB 



NOTE A: tpRQ is specified for command execution in one bank to command execution in the other bank. 
Figure 1 4. Command-to-Command Parameters 
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PARAMETER MEASUREMENT INFORMATION 



CLK 



tDSi *AS« ^ 




DQ0-DQ3, A0-A11, CS, RAS, 
CAS, W, DQM, CKE 



tDS>*AS> tCS> tCES> tCESP • 



|« >j— tDH.tAH.tCH.tCEH 



I 



\DQ0-DQ3, AO-A11, CS, RAS, 
CAS, W, DQM, CKE 



Figure 15. Input-Attribute Parameters 



CLK 



DQ0-DQ3 



Read Latency = 2 
(see Note A) 



READ Command 



DQM 

NOTE A: For this example, assume read latency = 2 and burst length = 2. 

Figure 16. DQ Masking 



DEAC/DCAB 
Command 




^? Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



5-25 



TMS626402 

2097152-WORD BY 4-BIT BY 2-BANK 
SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 

SMOS642A- FEBRUARY 1994 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 




CLK 

READ-P Command 

DQ0-DQ3 

NOTE A: For this example, assume read latency = 2 and burst length ■ 2. 

Figure 17. Read-Automatic Deactivate (Autoprecharge) 



CLK 



DQ0-DQ3 



tAPW 





ACTV Command 

I 



NOTE A: For this example, the burst length = 2. 

Figure 18. Write-Automatic Deactivate (Autoprecharge) 
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PARAMETER MEASUREMENT INFORMATION 



CLK 




DQ0-DQ3 — ^ Q0-Q3^^ Q0--Q3 (assume final data output of burst) ^ 



U— H- tees 



CKE 



\ * »j tCES 

} 



Figure 19. CLK-Suspend Operation 



CLK Is Don't Care for This Interval 



Exit Power-Down Operation 
(new command) 



No READ (READ-P) or 
WRT (WRT-P) 
in Progress 

CLK 




CKE 



"*h tCES 



CLK Must Be Active and Stable 
Before Returning CKE High 



tCESP 



7 



Figure 20. Power-Down Operation 
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PARAMETER MEASUREMENT INFORMATION 



CLK 



tCEH 



CLK Is Don't Care 
for This Interval I 




CKE 



NOTE A: Assume both banks are previously deactivated. 



Figure 21. Self-Refresh Entry/Exit 




CLK 



Final Input of 
Write Burst ~"\^ 

DQ0-DQ3 -<D0-D3XD0-D3 



I 



{ Q0-Q3 X Q°-Q3 X Q0 ~ Q3 X Q0 ~9 3 "y 



NOTE A: Assume read latency = 2 and burst length = 8. 

Figure 22. Write Burst Followed by DEAC/DCAB-lnterrupted Read 
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ACTVT 



READT 



DEACT 



CLK 



DQ0-DQ3 



<IXIXIXI> 



DQM 



RAS 



CAS 



W 



A10 



A11 



A0-A9 



1 


w 


V 

1 

1 


J 












WMF 





RO 



CO 



08 












CKC 







*™JJ BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 
abed 


Q T RO 


COt CO+1 CO + 2 CO + 3 



t Column-address sequence depends on programmed burst type and CO (seeTable 5). 

NOTE A: This example illustrates minimum tRCD and nEP for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 



Figure 23. Read Burst (read latency = 3, burst length = 4) 



ACTVT 



WRTT 



DEACT 



CLK 



DQO- 
DQ3 



DQM 



RAS 



CAS 



W 



A10 



A11 



A0-A9 



CS 



CKE 




<3XlXZXZXZXZXZXE> 



RO 



RO 



CO 









4k 











B ^| T BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 

a b c d e f g h 


D T RO 


COt CO + 1 CO + 2 CO + 3 CO + 4 CO + 5 CO + 6 CO + 7 



t Column-address sequence depends on programmed burst type and CO (see Table 6). 

NOTE A* This example illustrates minimum tRWLfor the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 24. Write Burst (burst length = 8) 
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ACTVB 



WRTB 



READ B 



DEACB 



CLK 



DQ0-DQ3 



<ixz> 



DQM 



RAS 



CAS 



W 



A10 



A11 



A0-A9 



OG>- 





mmm 
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My 




mmm, \ mm 


mm ; Hi 




MEMk i mm 



RO 



CO 



C1 



















mm 












CKE ^ 











BURST 

Type BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 
a be d 


D B RO 
Q B RO 


cot CO + 1 

C1* C1+1 



t Column-address sequence depends on programmed burst type and CO (see Table 4). 
t Column-address sequence depends on programmed burst type and C1 (see Table 4). 

NOTE A: This example illustrates minimum tRCD ^ the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 25. Write-Read Burst (read latency = 3, burst length = 2) 
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ACTVT 



READT 



WRT-PT 











W : 







BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 

abcdefghi J klmnop 


Q T RO 
D T RO 


COt CO+1 CO+2 CO+3 CO +4 CO+5 CO+6 CO+7 

C1* C1+1 C1+2 C1+3 C1+4 C1+5 C1+6 C1+7 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). 
± Column-address sequence depends on programmed burst type and C1 (see Table 6). 

NOTE A: This example illustrates minimum t R QD for the '626402-1 0 at 1 00 MHz, the '626402-1 2 at 80 MHz, and the '626402-1 5 at 66 MHz. 

Figure 26. Read-Write Burst With Automatic Deactivate (read latency = 3, burst length = 8) 



ACTVB READ-PB ACTVT READ-PT ACTVB READ-PB ACTVT 

\/\/\/\/\/\/\/\/\/\*\/\/\jr^^ 

f x 9 X h X * Xi X k X 1 X m X n X° Xp Xq 
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W 
A10 



My 



A0-A9 



CKE$> 
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TYPE 
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ROW 
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BURST CYCLE 
1 | k 1 m n o p 


<1 r s 
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B 
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GOt 
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CO+2 CO+3 CO +4 CO +5 CO+6 CO+7 


C1* C1+1 C1+2 CI +3. CI +4 C1+5 C1+6 C1+7 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). 
* Column-address sequence depends on programmed burst type and C1 (see Table 6). 
§ Column-address sequence depends on programmed burst type and G2 (see Table 6). 

NOTE A: This example illustrates minimum tRQD for the '626402-10 at 100 MHz, the "626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 

Figure 27. Two-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) 




t Column-address sequence depends on programmed burst type and CO (see Table 4). 
* Column-address sequence depends on programmed burst type and C1 (see Table 4). 
§ Column-address sequence depends on programmed burst type and C2 (see Table 4). 



™* BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 
a be d e f 


Q B RO 
Q T R1 
Q B RO 


cot CO + 1 

C1* C1+1 

C2§ C2 + 1 



Figure 28. Two-Bank Column-Interleaving Read Bursts (read latency = 3, burst length = 2) 
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WRTT 



DEACT 




A10 
A11 

A0-A9 
CS 
CKE 



™*[ BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 

abcdefgh 


Q B RO 
D T R1 


COt CO+1 CO+2 CO +3 

C1* C1+1 C1+2 C1+3 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
* Column-address sequence depends on programmed burst type and C1 (see Table 5). 
NOTE A: This example illustrates a minimum tRCD and nEP read burst, and a minimum tRWL write Durst for '626402-1 0 at 1 00 MHz, the '626402-1 2 at 80 MHz, and 
the '626402-1 5 at 66 MHz. 



Figure 29. Read-Burst Bank B, Write-Burst Bank T (read latency = 3, burst length = 4) 



ACTVT 



ACTVB 



WRT-PT 



CLK 
DQ0-DQ3 
DQM 
RAS 
CAS 
W 
A10 
A11 

A0-A9 $V RO 
CS 
CKE 




OGXDCD- 



RO 



R1 



<zxzxz 



R1 



CO 



C1 



FT 



B ^| T BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 

a b c d e f g h 


D T RO 
Q B R1 


COt CO+1 CO+2 CO+3 

C1* C1+1 C1+2 C1+3 



t Column-address sequence depends on programmed burst type and CO (see Table 5). 
t Column-address sequence depends on programmed burst type and C1 (see Table 5). 

NOTE A: This example illustrates minimum nCWL for the '626402-1 0 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 
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Figure 30. Write-Burst Bank T, Read-Burst Bank B With Automatic Deactivate (read latency = 3, burst length = 4) 



ACTVB 



imcn 



ACTVT 



READT 



WRTB 



DCAB 




BURST 

^Ypg BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 

a b c d e f g h 


Q T RO 
D B R1 


COt CO+1 CO+2 CO+3 

C1* C1+1 C1+2 C1+3 



t Column-address sequence depends on programmed burst type and CO (see Table 5). 
* Column-address sequence depends on programmed burst type and C1 (see Table 5). 

NOTE A: This example illustrates a minimum tRCD read burst and minimum tRWL write burst for the '626402-1 0 at 1 00 MHz, the '626402-1 2 at 80 MHz, 
and the '626402-1 5 at 66 MHz. 

Figure 31 . Use Of DQM for Output and Data-in Cycle Masking (read-burst bank T, 
write-burst bank B, deactivate all banks) (read latency = 2, burst length = 4) 
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TYPE 


BANK 
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(B/T) 
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RO 


cot 


CO+1 


CO+2 CO+3 CO+4 CO+5 


CO+6 


CO+7 



t Column-address sequence depends on programmed burst type and CO (see Table 6). 

NOTE A: This example illustrates minimum t R c, tRQD* nEP » and t R p for the '626402-1 0 at 1 00 MHz, the '626402-1 2 at 80 MHz, and the '626402-1 5 at 66 MHz. 

Figure 32. Refresh Cycles (refreshes followed by read burst followed by refresh) (read latency = 2, burst length = 8) 
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BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 
abed 


D B RO 


COt CO+1 CO+2 CO+3 



RO 



t Column-address sequence depends on programmed burst type and CO (see Table 5). 

NOTES: B. This example illustrates minimum tRCD for the '626402-10 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-15 at 66 MHz. 
C. Refer to Figure 1 

Figure 33. Mode-Register Programming (deactivate all, mode program, write burst with automatic deactivate) 

(read latency = 2, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
t Column-address sequence depends on programmed burst type and C1 (see Table 5). 
NOTE A: This example illustrates minimum tRCD for tne '626402-1 0 at 100 MHz, the '626402-12 at 80 MHz, and the '626402-1 5 at 66 MHz. 

Figure 34. Use of CKE for Clock Gating (Hold) and Standby Mode (read-burst bank T with hold, write-burst bank B, standby mode) 

(read latency = 2, burst length = 4) 
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Organization . . . 1M x 8 x 2 Banks 

3.3-V Power Supply (±10% Tolerance) 

TWo Banks for On-Chip Interleaving 

(Gapless Accesses) 

High Bandwidth - Up to 100-MHz Data 

Rates 

Burst Length Programmable to 1, 2, 4, or 8 
Programmable Output Sequence - Serial or 
Interleave 

Chip Select and Clock Enable for 
Enhanced-System Interfacing 

Cycle-by-Cycle DQ-Bus Mask Capability 
Programmable Read Latency From Column 
Address 

Self-Refresh Capability 

High-Speed, Low-Noise LVTTL Interface 

Power-Down Mode 

Compatible With JEDEC Standards 

4K Refresh (Total for Both Banks) 

2-Bit Prefetch Architecture for High Speed 

Performance 

Performance Ranges: 

ACTV 

SYNCHRONOUS COMMAND TO REFRESH 
CLOCK CYCLE READ OR WRITE TIME 
TIME COMMAND INTERVAL 

*CK *RCD 
(MIN) (MIN) 
10 ns 30 ns 



DGE PACKAGE 
(TOP VIEW) 
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27] 


A1[ 
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21 


24] 


v CC t 


22 


23 ] 



NC 
A9 
A8 
A7 
A6 
A5 
A4 
V S S 



'626802-10 
•626802-12 
'626802-15 



12.5 ns 
15 ns 



35 ns 
40 ns 



*REF 
(MAX) 
64 ms 
64 ms 
64 ms 



description 

The TMS626802 series are high-speed 
16777216-bit synchronous dynamic random- 
access memories (DRAMs) organized as two 
banks of 1 048576 words with eight bits per word. 

AH inputs and outputs of the TMS626802 series 
are compatible with the low-voltage TTL (LVTTL) 
interface. 

The synchronous DRAM employs state-of-the-art 
enhanced performance implanted CMOS 
(EPIC™) technology for high performance, 
reliability, and low power. All inputs and outputs 
are synchronized with the CLK input to simplify 
system design and enhance use with high-speed 
microprocessors and caches. 

The TMS626802 synchronous DRAM is available in a 400-mil, 44-pin surface-mount TSOP (II) package (DGE 
suffix). 
JEPICjs^frademan^^ 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 




AO- A1 0 Row Addresses 




A0-A8 Column Addresses 




A1 0 Automatic-Precharge Select 


A11 


Bank Select 


CAS 


Column-Address Strobe 


CKE 


Clock Enable 


CLK 


System Clock 


CS 


Chip Select 


DQ0-DQ7 


SDRAM Data Input/ Data Output 


DQM 


Data/Output Mask Enable 


NC 


No External Connect 


RAS 


Row-Address Strobe 


vcc 


Power Supply (3.3 V Typ) 


VCCQ 


Power Supply for Output Drivers (3.3 V Typ) 


vss 


Ground 


V S SQ 


Ground for Output Drivers 


W 


Write Enable 



PRODUCTION DATA Information It currant m of publication date. 
Products conform to specifications par the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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operation 

All inputs of the '626802 synchronous DRAM are latched on the rising edge of the system (synchronous) clock. 
The outputs, DQ0-DQ7, are also referenced to the rising edge of CLK. The '626802 has two banks that are 
accessed independently. A bank must be activated before it can be accessed (read from or written to) . Refresh 
cycles refresh both banks alternately. 

Five basic commands or functions control most operations of the '626802: 

• Bank activate/row-address entry 

• Column-address entry /write operation 

• Column-address entry/read operation 

• Bank deacti vate 

• CAS-before-RAS (CBR) 

• Self-refresh entry 

Additionally, operation can be controlled by three methods: using chip select (CS) to select/deselect the 
devices, using DQM to enable/mask the DQ signals on a cycle-by-cycle basis, or using CKE to suspend (or 
gate) the CLK input. The device contains a mode register that must be programmed for proper operation. 

Tables 1 through 3 show the various operations that are available on the '626802. These truth tables identify 
the command and/or operations and their respective mnemonics. Each truth table is followed by a legend that 
explains the abbreviated symbols. An access operation refers to any READ (READ-P) or WRT (WRT-P) 
command in progress at cycle n. Access operations include the cycle upon which the READ (READ-P) or WRT 
(WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 



functional block diagram 



CLK ► 

CKE 



AND 



cs- 

DQM - 
RAS - 
CAS" 

w- 

A0-A11- 



12 



Control 



n 



Array Bank T 



Array Bank B 



DQ 
Buffer 



DQ0-DQ7 



Mode Register 
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operation (continued) 



Table 1. Basic-Command Truth Tablet 



COMMAND 


STATE OF 
BANK(S) 


CS 


RAS 


CAS 


W 


A11 


A10 


A9-A0 


MNEMONIC 


Mode register set 


T = deac 
B = deac 


L 


L 


L 


L 


X 


X 


A9»X 
A8*0 
A7=0 
A6-A0»V 


MRS 


Bank deactivate (precharge) 


X 


L 


L 


H 


L 


BS 


L 


X 


DEAC 


Deactivate ail banks 


X 


L 


L 


H 


L 


X 


H 


X 


DCAB 


Bank activate/row-address entry 


SB = deac 


L 


L 


H 


H 


BS 


V 


V 


ACTV 


Column-address entry/write operation 


SB = actv 


L 


H 


L 


L 


BS 


L 


V 


WRT 


Column-address entry/write operation 
with automatic deactivate 


SB = actv 


L 


H 


L 


L 


BS 


H 


V 


WRT-P 


Column-address entry /read operation 


SB = actv 


L 


H 


L 


H 


BS 


L 


V 


READ 


Column-address entry/ read operation 
with automatic deactivate 


SB « actv 


L 


H 


L 


H 


BS 


H 


V 


READ-P 


Burst stop 


SB = actv 


L 


H 


H 


L 


X 


X 


X 


STOP 


No operation 


X 


L 


H 


H 


H 


X 


X 


X 


NOOP 


Control-input inhibit / no operation 


X 


H 


X 


X 


X 


X 


X 


X 


DESL 


CBR refresh* 


T = B = 
deac 


L 


L 


L 


H 


X 


X 


X 


REFR 



t For execution of these commands on cycle n, CKE (n) must be high and satisfy trjESP from power-down exit (PDE), tcES and nCLE from 

clock-suspend (HOLD) exit, and tQESP and *RC from self-refresh (SLFR) exit. DQM (n) is a don't care. 
* CBR or self-refresh entry requires that all banks be deactivated or in an idle state prior to the command entry. 
Legend: 



L ■ Logic low 

H = Logic high 

X = Dontcare 

V = Valid 

T « BankT 

B = Bank B 

actv = Activated 

deac = Deactivated 

BS * Logic high to select bank T; logic low to select bank B 

SB = Bank selected by A1 1 at cycle n 
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operation (continued) 



Table 2. CKE-Use Command Truth Tablet 



COMMAND 


STATE OF BANK(S) 


CKE 
(n-1) 


CKE 
(n) 


CS 
(n) 


RAS 
(n) 


CAS 
(n) 


w 

(n) 


MNEMONIC 


Self-refresh entry 


T = B = deac 


H 


L 


L 


L 


L 


H 


SLFR 


Power-down entry at n + 1 


T = B = no 
access operation* 


H 


L 


L 


H 


H 


H 


PDE 


H 


L 


H 


X 


X 


x 


PDE 


Self-refresh exit 


T = B = self refresh 


L 


H 


L 


H 


H 


H 




L 


H 


H 


X 


X 


X 




Power-down exit 


T = B = power down 


L 


H 


X 


X 


x 


X 




CLK suspend at n+1 


Tor B = access 
operation* 


H 


L 


X 


X 


X 


X 


HOLD 


CLK suspend exit at n + 1 


Tor B = access 
operation* 


L 


H 


X 


X 


X 


X 





t For execution of these commands, A0-A1 1 (n) and DQM (n) are don't cares. 

* An access operation refers to any READ (READ-P) or WRT (WRT-P) command in progress at cycle n. Access operations include the cycle upon 
which the READ (READ-P) or WRT (WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 



Legend: 






n 


St 


CLK cycle number 


L 


s 


Logic low 


H 




Logic high 


X 


m 


Dont care 


T 


as 


BankT 


B 


ss ' 


BankB 


deac 




Deactivated 
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operation (continued) 



Table 3. DQM-Use Command Truth Tablet 



COMMAND 


STATE OF 
BANK(S) 


DQM 

(n) 


DATA IN 
(n) 


r\ ATA SM IT 

DATA OUT 

(n+2) 


MNEMONIC 




T * deac 

and 
B = deac 


X 


N/A 


HI-Z 






T « actv 

and 
B ■ actv 
(no access operation)* 


X 


N/A 


Hi-Z 




Data-in enable 


T * write 
or 

B = write 


L 


V 


N/A 


ENBL 


Data-in mask 


Ts write 
or 

B * write 


H 


M 


N/A 


MASK 


Data-out enable 


T = read 
B * read 


L 


N/A 


V 


ENBL 


Data-out mask 


T*read 
or 

B = read 


H 


N/A 


Hi-Z 


MASK 



t For execution of these commands, CKE (n) must be high and satisfy tp ESP fr om powe r-down exit (PDE), tQES and "CLE from clock-suspend 

(HOLD) exit, and tQESP and tRQ from self-refresh (SLFR) exit. CS (n), RAS (n), CAS (n), W (n), and A0-A11 (n) are dont cares. 
* An access operation refers to any READ (READ-P) or WRT (WRT-P) command in progress at cycle n. Access operations include the cycle upon 
which the READ (READ-P) or WRT (WRT-P) command is entered and all subsequent cycles through the completion of the access burst. 



Legend: 






n 




CLK cycle number 


L 


s 


Logic low 


H 




Logic high 


X 


= 


Don't care 


V 


s 


Valid 


M 




Masked input data 


N/A 


s 


Not applicable 


T 


s 


Bank T 


B 


s 


Bank B 


actv 


s 


Activated 


deac 


X 


Deactivated 


write 


s 


Activated and accepting data in on cycle n 


read 




Activated and delivering data out on cycle n + 2 
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burst sequence 

Ail data for the '626802 is written or read in a burst fashion; that is, a single starting address is entered into the 
device and the '626802 internally accesses a sequence of locations based on that starting address. Some of 
the subsequent accesses after the first can be at preceding as well as succeeding column addresses, 
depending on the starting address entered. This sequence can be programmed to follow either a serial burst 
or an interleave burst (see Tables 4 through 6). The length of the burst sequence can be user programmed to 
be either 1 , 2, 4, or 8 accesses. After a read burst is completed (as determined by the programmed-burst length), 
the outputs are in the high-impedance state until the next read access is initiated. 



Table 4. 2-Bit Burst Sequences 





INTERNAL COLUMN ADDRESS AO 


DECIMAL 


BINARY 


START 2ND 


START 2ND 


Serial 


0 1 


0 1 


1 0 


1 0 


Interleave 


0 1 


0 1 


1 0 


1 0 



Table 5. 4-Bit Burst Sequences 





INTERNAL COLUMN ADDRESS A1 -AO 




DECIMAL 


BINARY 




START 


2ND 


3RD 


4TH 


START 


2ND 


3RD 


4TH 




0 


1 


2 


3 


00 


01 


10 


11 


Serial 


1 


2 


3 


0 


01 


10 


11 


00 


2 


3 


0 


1 


10 


11 


00 


01 




3 


0 


1 


2 


11 


00 


01 


10 




0 


1 


2 


3 


00 


01 


10 


11 


Interleave 


1 


0 


3 


2 


01 


00 


11 


10 


2 


3 


0 


1 


10 


11 


00 


01 




3 


2 


1 


0 


11 


10 


01 


00 



Subsequent Read or Write CMD for BL = 1 

«* / — \ / — s j — \ / — v / — v. 

**-\±_j \_Lv — 

h — Minimum of Two Cycles — *l 

NOTE: For burst sequence of one, subsequent read or write commands must be done at least two clock cycles from initial read or write command 
(see timing diagram above), , 
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burst sequence (continued) 



Table 6. 8-Bit Burst Sequences 





INTERNAL COLUMN ADDRESS A2-A0 




DECIMAL 


BINARY 




START 


2ND 


3RD 


4TH 


5TH 


6TH 


7TH 


8TH 


START 


2ND 


3RD 


4TH 


5TH 


6TH 


7TH 


8TH 




0 


1 


2 


3 


4 


5 


6 


7 


000 


001 


010 


011 


100 


101 


110 


111 




1 


2 


3 


4 


5 


6 


7 


0 


001 


010 


011 


100 


101 


110 


111 


000 




2 


3 


4 


5 


6 


7 


0 


1 


010 


011 


100 


101 


110 


111 


000 


001 


Serial 


3 


4 


5 


6 


7 


0 


1 


2 


011 


100 


101 


110 


111 


000 


001 


010 


4 


5 


6 


7 


0 


1 


2 


3 


100 


101 


110 


111 


000 


001 


010 


011 




5 


6 


7 


0 


1 


2 


3 


4 


101 


110 


111 


000 


001 


010 


011 


100 




6 


7 


0 


1 


2 


3 


4 


5 


110 


111 


000 


001 


010 


011 


100 


101 




7 


0 


1 


2 


3 


4 


5 


6 


111 


000 


001 


010 


011 


100 


101 


110 




0 


1 


2 


3 


4 


5 


6 


7 


000 


001 


010 


011 


100 


101 


110 


111 




1 


0 


3 


2 


5 


4 


7 


6 


001 


000 


011 


010 


101 


100 


111 


110 




2 


3 


0 


1 


6 


7 


4 


5 


010 


011 


000 


001 


110 


111 


100 


101 


Interleave 


3 


2 


1 


0 


7 


6 


5 


4 


011 


010 


001 


000 


111 


110 


101 


100 


4 


5 


6 


7 


0 


1 


2 


3 


too 


101 


110 


111 


000 


001 


010 


011 




5 


4 


7 


6 


1 


0 


3 . 


2 


101 


100 


111 


110 


001 


000 


011 


010 




6 


7 


4 


5 


2 


3 


0 


1 


110 


111 


100 


101 


010 


011 


000 


001 




7 


6 


5 


4 


3 


2 


1 


0 


111 


110 


101 


100 


011 


010 


001 


000 



latency 

The beginning data-output cycle of a read burst can be programmed to occur 1 , 2, or 3 CLK cycles after the read 
command (see setting the mode register). This feature allows the user to adjust the '626802 to operate in 
accordance with the system's capability to latch the data output from the '626802. The dela y betw een the READ 
command and the beginning of the output burst is known as read latency (also known as CAS latency). After 
the initial output cycle begins, the data burst occurs at the CLK frequency without any intervening gaps. Use 
of minimum read latencies is restricted based on the particular maximum frequency rating of the '626802. 

There is no latency for data-in cycles (write latency) . The first data-in cycle of a write burst is entered at the same 
rising edge of CLK on which the WRT command is entered. The write latency is fixed and not determined by 
the mode-register contents. 

two-bank operation 

The '626802 contains two independent banks that can be accessed individually or in an interleaved fashion. 
Each bank must be activated with a row address before it can be accessed. Each bank must then be deactivated 
before it can be activated a gain w ith a new row ^address. The bank-activate/row-address-entry command 
(ACTV) is entered by holding RAS low, CAS high, W high, and A1 1 valid on the rising edge of CLK. A bank can 
be deactivated either automatically during a READ (READ-P) or a WRT (WRT-P) command or by use of the 
deactivate-bank (DEAC) command. Both banks can be deactivated at once by use of the DCAB command (see 
Table 1 and the bank deactivation description). 
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two-bank row-access operation 

The two-bank feature allows the user to access information on random rows at a higher rate of operation than 
is possible with a standard DRAM. This is accomplished by activating one bank with a row address and, while 
the data stream is being accessed to/from that bank, activating the second bank with another row address. 
When the data stream to/from the first bank is complete, the data stream to/from the second bank can begin 
without interruption. After the second bank is activated, the first bank can be deactivated to allow the entry of 
a new row address for the next round of accesses. In this manner, operation can continue in an interleaved 
fashion. Figure 26 shows an example of two-bank row interleaving with automatic deactivate for the case of read 
latency of 3 and a burst length of 8. 

two-bank column-access operation 

The availability of two banks allows the access of data from random starting columns between banks at a higher 
rate of operation. After activating each bank with a row address (ACTV command), A1 1 can be used to alternate 
READ or WRT commands between the banks to provide gapless accesses at the CLK frequency, provided all 
specified timing requirements are met. Figure 27 is an example of two-bank column interleaving with a read 
latency of 3 and a burst length of 2. 



bank deactivation (precharge) 

Both banks can be simultaneously deactivated (placed in precharge) by using the DCAB command. A single 
bank can be deactivated by using the DEAC command. The DEAC command is entered identically to the DCAB 
command except that A1 0 must be low and A1 1 selects the bank to be precharged as shown in Table 1 . A bank 
can also be deactivated automatically by using A1 0 during a READ or WRT command. If A1 0 is held high during 
the entry of a READ or WRT command, the accessed bank (selected by AH) automatically deactivates upon 
completion of the access burst. If A1 0 is held low during READ or WRT command entry, that bank remains active 
following the burst. The READ and WRT commands with automatic deactivation are denoted as READ-P and 
WRT-P. 



chip select (CS) 

CS can be used to select or deselect the '626802 for command entry, which might be required for multiple 
memory-d evice decod ing. If CS is held high on the rising edge of CLK (DESL command), the device d oes not 
respond to RAS, CAS, or W until the device is selected again. Device select is accomplished by holding CS low 
on the rising edge of CLK. Any other valid command can be entered simultaneously on the same rising CLK 
edge of the select operation. The device can be selected/deselected on a cycle-by-cycle basis 
(see Tables 1 a nd 2). The u se of CS does not affect an access burst that is in progress; the DESL command 
can only restrict RAS, CAS, and W input to the '626802. 

data/output mask 

Masking of individual data cycles within a burst sequence can be accomplished by use of the MASK command 
(see Table 3). If DQM is held high on the rising edge of CLK during a write burst, the incident data word 
(referenced to the same rising edge of CLK) on DQ0-DQ7 is ignored. If DQM is held high on the rising edge 
of CLK for a read burst, DQ0- DQ7 referenced to the second rising edge of CLK are in the high-impedance state. 
The application of DQM to data-out cycles (READ burst) involves a latency of two CLK cycles, but the application 
of DQM to data-in cycles (WRITE burst) has no latency. The MASK command (or its opposite, the ENBL 
command) is performed on a cycle-by-cycle basis, allowing the user to gate any individual data cycle or cycles 
within either a read- or a write-burst sequence. Figure 1 5 shows an example of data/output masking. 

NOTE: Data masking using DQM input is not supported when the mode register is set for read latency of one and burst length of one. If the mode 
register is in this mode, the DQM pin should be held low. 
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CLK suspend/power-down mode 

For normal device operation, CKE should be held high to enable CLK. If CKE goes low during the execution 
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DQ bus at the immediate next rising edge 
of CLK is frozen at its current state, and no further inputs are accepted until CKE is returned high. This is known 
as a CLK suspend operation, and its execution is denoted as a HOLD command. The device resumes operation 
from the point at which it was placed in suspension, beginning with the second rising edge of CLK after CKE 
is returned high. 

If CKE is brought low when no READ (READ-P) or WRT (WRT-P) command is in progress, the device enters 
power-down mode. If both banks are deactivated when power-down mode is entered, power consumption is 
reduced to the minimum. Power-down mode can be used during row-active or CBR-refresh periods to reduce 
input buffer power. After power-down mode is entered, no further inputs are accepted until CKE returns high. 
To ensure that data in the device remains valid during the power-down mode, the self-refresh command (SLRF) 
must be executed concurrently with the power-down entry (PDE) command. When exiting power-down mode, 
new commands can be entered on the first CLK edge after CKE returns high, provided that the setup time 
(tcESP) ' s satisfied. Table 2 shows the command configuration for a CLK suspend/power-down operation, and 
Figures 1 8 and 19 show an example of the procedure. 



setting the mode register 

The '626802 contains a mode register that the user should program with the read latency, the burst type, and 
the burst length. This is accomplished by executing an MRS command with the information entered on address 
lines A0-A8. A logic 0 should always be entered on A7 and A8, but A9-A11 are dont care entries for the 
'626802. Figure 2 shows the valid combinations for a successful MRS command. Only valid addresses allow 
the mode register to be changed. If the addresses are not v alid, the pre vious contents of the mode register 
remain unaffected. The MRS command is executed by holding RAS, CAS, and W low, and the input-mode word 
valid on A0-A8 on the rising edge of CLK (see Table 1 ) . The MRS command can be executed only when both 
banks are deactivated. 



A11 


A10 


A9 


A8 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 



Reserved 



0 = Serial 

1 ■ Interleave 
(buret type) 



REGISTER 
BITSt 


READ 
LATENCY* 


A6 


A5 


A4 


0 


0 


1 


1 


0 


1 


0 


2 


0 


1 


1 


3 



t All other combinations are 

reserved. 
* Refer to timing requirements for 

minimum valid-read latencies 

based on maximum frequency 

rating. 



REGISTER 
BITS§ 


BURST LENGTH 


A2 


A1 


AO 


0 


0 


0 


1 


0 


0 


1 


2 


0 


1 


0 


4 


0 


1 


1 


8 



§ All other combinations are reserved. 



Figure 1. Mode-Register Programming 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1 443 5-49 



TMS626802 

1 048576-WORD BY 8-BIT BY 2-BANK 
SYNCHRONOUS DYNAMIC RANDOM-ACCESS MEMORY 



SMOS182A- FEBRUARY 1994 - REVISED JUNE 1995 



refresh 

The '626802 must be refreshed at intervals not exceeding Xref (see timing requirements), or data cannot be 
retained. Refres h can be acc ompli shed by performing a read or write access to every row in both banks, by 
performing 4096 CAS-before-RAS (REFR) commands, or by placing the device in self refresh. Regardless of 
the method used, refresh must be accomplished before tpgp has expired. 

CAS-before-RAS (CBR) refresh 

Before performing a CAS -bef ore-R AS refresh, both banks must be deactivated (placed in precharge). To enter 
a REFR command, RAS and CAS must be low and W must be high upon the rising edge of CLK (see Table 1). 
The refresh address is generated internally such that after 4096 REFR commands, both banks of the '626802 
will have been refreshed. The external address and bank select (A11) are ignored. The execution of a REFR 
command automatically deactivates both banks upon completion of the internal CBR cycle. This allows 
consecutive REFR-only commands to be executed, if desired, without any intervening DEAC commands. The 
REFR commands do not necessarily have to be consecutive, but all 4096 must be completed before tRgp 
expires. 

self refresh 

To enter self refresh, both banks of the '626802 must first be deactivated and a SLFR command must be 
executed (see Table 2). The SLFR command is identical to the REFR command except that CKE is lo w. For 
proper entryof the SLFR command, CKE is brought low for the same rising edge of CLK that RAS and CAS 
are low and W is high. CKE must be held low to stay in self-refresh mode. In the self-refresh mode, all refreshing 
signals are generated internally for both banks with all external signals (except CKE) being ignored. Data can 
be retained by the device automatically for an indefinite period when power is maintained (consumption is 
reduced to a minimum). To exit self-refresh mode, CKE must be brought high. New commands are issued after 
tRc has expired. If CLK is made inactive during self refresh, it must be returned to an active and stable condition 
before CKE is brought high to exit self refresh (see Figure 21). 

Upon exiting self refresh, the normal refresh scheme must begin immediately. If the burst-refresh scheme is 
used, 4096 REFR commands must be executed before continuing with normal device operations. If a 
distributed-refresh scheme utilizing CBR is used (e.g., two rows every 32 jis), the first set of refreshes must be 
performed before continuing with normal device operation. This ensures that the SDRAM is fully refreshed. 



interrupted bursts 

A read or write can be interrupted before the burst sequence has been completed with no adverse effects to 
the operation. This is accomplished by entering certain superseding commands as listed in Tables 7 and 8, 
provided that all timing requirements are met. The command interrupting either a read or write burst must be 
entered only on an even number of cycles (2n rule) from the initial burst command (nCCD). nCCD is defined 
as the number of clock cycles from the initial command to the interrupting command. In the case when the 
number of clock cycles between a read/write command and the following command is greater than the burst 
length the M 2n rule" and nCCD does not apply. A DEAC command is considered an interrupt only if it is issued 
to the same bank as the preceding READ or WRITE command. The interruption of READ-P and WRT-P 
operations is not supported. 
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interrupted bursts (continued) 



Table 7. Read-Burst Interruption 



INTERRUPTING COMMAND 


EFFECT OR NOTE ON USE DURING READ BURST 


DEAC, DCAB 


The DQ bus is in the high-impedance state when nHZP cycles are satisfied or upon completion of the read 
burst, whichever occurs first (see Figures 5 and 21). 


WRT, WRT-P 


The WRT command immediately supersedes the read burst in progress, but DQM must be high nDOD+1 and 
nDOD cycles previous to the WRT (WRT-P) command (see Figure 4). 


READ, READ-P 


Current output cycles continue until the programmed latency from the superseding READ (READ-P) 
command is met and new output cycles begin (see Figure 4). 


STOP 


The DQ bus is in the high-impedance state two clock cycles after the stop command is entered or upon 
completion of the read burst, whichever occurs first. The bank remains active. A new read or write command 
cannot be entered for at least two cycles after the STOP command (see Figure 5). 



nCCD = 2 (even) 




CLK 'I 

READ Command 
for Column Address CO 
(see Note A) 



Interrupting 
READ Command 
for Column Address C1 
(see Note A) 



DQ0-DQ7 




First Output Cycle for New READ 
Command Begins Here 



NOTE A: For this example, read latency = 2 and burst length > 2. 

Figure 2. Read Burst Interrupted by Read Command 




CLK 

READ Command 
for Column Address CO 
(see Note A) 



DQ0-DQ3 



DQM 



Interrupting 
J WRT Command 
H for Column Address C1 
(see Note A) 



]iZ>CEEX 



CI +2 



First Input Cycle for New WRT 
Command Begins Here 



NOTES: A. For this example, read latency = 2 and burst length > 2. 

B. DQM is held high for 2 CLK cycles (2 rising edges). DQM is held high for nDOD+1 to mask out bit prior to interrupting WRT command. 
DQM is held high for nDOD as specified. 



Figure 3. Read Burst Interrupted by Write Command 
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interrupted bursts (continued) 




NOTE A: For this example, read latency = 2 and burst length > 2. 

Figure 4. Read Burst Interrupted by STOP Command 



CLK 




I M ■ NHZP=3 — H 

Interrupting 

READ Command DEAC/DCAB 
for Column Address CO Command 




NOTE A: For this example, read latency = 3 and burst length > 2. 

Figure 5. Read Burst Interrupted by DEAC Command 
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Interrupted bursts (continued) 



Table 8. Write-Burst Interruption 



INTERRUPTING COMMAND 


EFFECT OR NOTE ON USE DURING WRITE BURST 


DEAC, DCAB 


The DEAC/ DCAB command immediately supersedes the write burst in progress. DQM must be used to mask 
the DQ bus such that the write recovery specification (tRWL) is not violated by the 
interrupt (see Figure 1 0) . 


WRT, WRT-P 


The new WRT (WRT-P) command and data in immediately supersede the write burst in progress 
(see Figure 8). 


READ, READ-P 


Data in on previous cycle is written. No further data in is accepted (see Figure 7). 


STOP 


The data on the input pins at the time of the burst STOP command is not written, and no further data is 
accepted. The bank remains active. A new read or write command cannot be entered for at least two cycles 
after the STOP command (see Figure 9) . 



CLK 




DQ0-DQ7 

NOTE A: For this example, read latency ■ 2 and burst length > 2. 

Figure 6. Write Burst Interrupted by Read Command 



CLK 



DQ 




WRT Command 
for Column Address CO 
(see Note A) 



Interrupting 
WRT-P Command 



CO 



NOTE A: For this example, burst length > 2. 

Figure 7. Write Burst Interrupted by Write Command 
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interrupted bursts (continued) 

N~ nCCD«2(even) 



CLK 




WRT Command 
for Column Address CO 
(see Note A) 



Interrupting 
STOP Command 



New Write Command 



DQ 



CO 



NOTE A: For this example, burst length > 2. 

Figure 8. Write Burst Interrupted by STOP Command 



CLK 




DQ0-DQ7 



DQM 



WRT Command 
(see Note A) 



< D0 - P7 > T 



DEAC or DCAB Command 
(see Note A) 



D0-D7 



Ignored ^ » 



tRWL 



NOTE A: For this example, read latency = 2, burst length > 2, and tQK = tRWL- 



Figure 9. Write Burst Interrupted by DEAC/DCAB Command 



power up 

Device initialization should be performed after a power up to the full Vqq level. After power is established, a 
200-ys interval is required (with no inputs other than CLK). After this interval, both banks of the device must be 
deactivated. Eight REFR commands must be performed, and the mode register must be set to complete the 
device initialization. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc -0.5 V to 4.6 V 

Supply voltage range for output drivers, Vqcq - 0.5 V to 4.6 V 

Voltage range on any pin (see Note 1) - 0.5 V to 4.6 V 

Short-circuit output current 50 mA 

Power dissipation , 1 W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -55°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage 


3 


3.3 


3.6 


V 


VCCQ 


Supply voltage for output drivers 


3 


3.3 


3.6 


V 


vss 


Supply voltage 


0 


V 


VSSQ 


Supply voltage for output drivers 


0 


V 


V|H 


High-level input voltage 


2 




Vcc + 0.3 


V 


V|L 


Low-level input voltage 


-0.3 




0.8 


V 


ta 


Operating free-air temperature 


0 




70 


•c 
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electrical characteristics over recommended ranges of supply voltage and free-air temperature (unless otherwise noted) 
(see Note 2) 



PARAMETER 


TEST CONDITIONS 


'626802-10 


'626802-12 


'626802-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


•OH =-2 mA 


2.4 


2.4 


2.4 


v 


Vol Low-level output voltage 


lOL = 2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


0VsV|sVcc + 0-3V, All other pins = 0VtoVcc 


±10 


±10 


±10 


l*A 


Iq Output current (leakage) 


0VsVo^Vcc + 0.3V, Output disabled 


±10 


±10 


±10 


jiA 


'CC1 Average read or write current 


tRC = MIN, tcK = MiN, 
Read latency = 3 


1 bank active 


Burst length = 1 or 2 


90 


80 


70 


mA 


Burst length = 4 or 8 


110 


100 


90 


2 banks active 
interleaving 


Burst length = 1 or 2 


150 


120 


100 


Burst length = 4 or 8 


170 


140 


130 


ICC2 Standby current 


Both banks 
deactivated 


CKE=V|H, See Note 3 


16 


16 


16 


mA 


CKE=V| L 


2 


2 


2 


CKE = 0V(CMOS) 


1 


1 


1 


One or both 

banks 

active 


CKE = V| L 


6 


6 


6 


'CC3 Consecutive CBR commands 


tRC = MIN 


on 


on 
oU 


fx) 


mA 


IqC4 Burst current, gapless burst 


ACTV not allowed, tQK 88 MIN, 

2 bank interleaved N 


Read latency = 1 


70 


60 


50 


mA 


Read latency = 2 


100 


90 


80 


Read latency = 3 


140 


120 


100 


lCC6 Self-refresh current 


CKE = V| L 


2 


2 


2 


mA 


CKE = 0V(CMOS) 


1 


1 


1 



NOTES: 2. Ail specifications apply to the device after power-up initialization. 
3. All control and address inputs must be stable and valid. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 4) 





MIN MAX 


UNT 


Cj(S) Input capacitance, CLK 


7 


PF 


C|(AC) tap"* capacitance, A0-A1 1 , CS, DQM, RAS, CAS, W 


5 


PF 


Q(E) Input capacitance, CKE 


5 


PF 


C 0 Output capacitance 


8 


PF 


NOTE 4: Vqc * 3 3 ± 0.3 V and bias on pins under test is 0 V. 

ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperature"!"* 




•626802-10 


'626802-12 


'626802-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tcK Cycle time, CLK (system clock) 


Read latency * 1 


30 


36 


40 


ns 


Read latency = 2 


15 


18 


20 


Read latency = 3 


10 


12 


15 


tCKH Pu,se duration, CLK (system clock) high 


3 


3.5 


4 


ns 


tQKL pu,se duration, CLK (system clock) low 


3 


3.5 


4 


ns 


. Access time, CLK f to data out 
AC (see Note 5) 


Read latency ■ 1 


29 


33 


38 


ns 


Read latency = 2 


14 


15 


18 


Read latency = 3 


9 


10 


12 


Delay time, CLK to DQ in the low-impedance state 
ILZ (see Note 6) 


0 


0 


0 


ns 


t _ Delay time, CLK to DQ in the 
HZ high-impedance state (see Note 7) 


Read latency = 1 


20 


20 


20 


ns 


Read latency = 2 


12 


13 


14 


Read latency = 3 


9 


10 


11 


tQS Setup time, data input 


2 


2 


2 


ns 


tAS Setup time, address 


2 


2 


2 


ns 


tcs Setup time, control input (CS, RAS, CAS, W, DQM) 


2 


2 


2 


ns 


*CES Setup time, CKE (suspend entry /exit, power-down entry) 


2 


2 


2 


ns 


tQESP Setup time, CKE (power down /self-refresh exit) (see Note 8) 


8 


10 


12 


ns 


tQH Hold time, CLK f to data out 


3 


3 


3 


ns 


tQH Hold time, data input 


2 


3 


4 


ns 


tAH Hold time, AO- A10 


2 


3 


4 


ns 


tcH Hold time, control input (CS, RAS, CAS, W, DQM) 


2 


3 


4 


ns 


tcEH Hold time, CKE 


2 


3 


4 


ns 


REFR command to ACTV, MRS, REFR or SLFR command; 
tRC ACTV command to ACTV, MRS, REFR or SLFR command; 
Self-refresh exit to ACTV, MRS, REFR or SLFR command 


100 


110 


125 


ns 



t See Parameter Measurement Information for load circuits. 

* All references are made to the rising transition of CLK, unless otherwise noted. 

NOTES: 5. tAC is referenced from the rising transition of CLK that is previous to the data-out cycle. For example, the first data out tAC * 8 



referenced from the rising transition of CLK that is read latency - 1 cycles after the READ command. An access time is measured 
at output reference level 1 .4 V. 

6. t|_z is measured from the rising transition of CLK that is read latency - 1 cycles after the READ command. 

7. tHZ ( max ) defines the time at which the outputs are no longer driven and is not referenced to output voltage levels. 

8. If tQESP > tCK> NOOP or DESL commands must be entered until tQESP fe met - CLK must be active and stable (if CLK was turned 
off for power down) before CKE is returned high. 
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ac timing requirements over recommended ranges of supply voltage and operating free-air 
temperature" 





'626802-10 


'626802-12 


'626802-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRAS ACTV command to DEAC or DCAB command 


60 100 000 


70 100 000 


80 100 000 


ns 


*RCD ACTV command to READ or WRT command 


30 


35 


40 


ns 


DEAC or DCAB command to ACTV, MRS, SLFR, 
RP or REFR command 


40 


40 


45 


ns 


Final data out of READ-P operation to ACTV, 
lAPR MRS, SLFR, or REFR command 


t RP + (nEPxtCK) 


ns 


Final data in of WRT-P 
t operation to ACTV, MRS, 
SLFR, or REFR command 
(see Note 10) 


Burst length = 1 


1 clock+60 


1 clock+60 


1 ClOCk+75 


ns 


Burst length > 1 


60 


60 


75 


Final data in to DEAC or 
*RWL DCAB command 
(see Note 11) 


Burst length = 1 


1 clock+20 


1 clock+20 


1 clock+30 


ns 


Burst length > 1 


20 


20 


30 


ACTV command for one bank to ACTV command 
l RRD for the other bank 


20 


25 


30 


ns 


tj Transition time, all inputs (see Note 9) 


1 5 


1 5 


1 5 


ns 


tpfrp Refresh interval 


64 


64 


64 


ms 



t See Parameter Measurement Information for load circuits. 
* All references are made to the rising transition of CLK, unless otherwise noted. 
NOTES: 9. Transition time, tr, is measured between V|h and V|l. 
10. for BL=1 only 



SPEED 

-10, -12 = tAPW is 60 ns from f |rs t unsuspended clock edge after last data in 
-15 s tAPW is 80 ns from first unsuspended clock edge after last data in 
11. for BL = 1 only 
SPEED 

-10, -12 s tRWL is 20 ns from first unsuspended clock edge after last data in 
-15 s tRWL is 30 ns from first unsuspended clock edge after last data in 
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clock timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





'626802-10 


•626802-12 


'626802-15 


UNIT* 


MIN MAX 


MIN MAX 


MIN MAX 


nEp Final data out to DEAC or 
DCAB command 


Burst length = 1 , Read latency ■ 1 


1 


1 


1 


cycles 


Burst length = 1 , Read latency = 2 


0 


0 


0 


Burst length = 1 , Read latency = 3 


-1 


-1 


-1 


Burst length > 1 , Read latency * 1 


0 


0 


0 


cycles 


Burst length > 1 , Read latency = 2 


-1 


-1 


-1 


Burst length > 1 , Read latency = 3 


-2 


-2 


-2 


DEAC or DCAB interrupt of 
H7p data-out burst to DQ in the 
n high-impedance state 
(see Note 10) 


Read latency = 1 


1 


1 


1 


cycles 


Read latency = 2 


2 


2 


2 


Read latency = 3 


3 


3 


3 


rr READ or WRT command to interrupting STOP, READ, WRT, DEAC, or 
n ^ u DCAB command (i - 1 . 2, 3, . . . ) (see Note 11) 


2i 


2i 


2i 


cycles 


nCWL Final data in t0 READ or WRT 
command in either bank 


Burst length = 1 


2 


2 


2 


cycles 


Burst length > 1 


1 


1 


1 


cycles 


nWCD WRT command to first data in 


0 0 


0 0 


0 0 


cycles 


nDID ENBL or MASK command to data in 


0 0 


0 0 


0 0 


cycles 


nDOD ENBL or MASK command to data out 


2 2 


2 2 


2 2 


cycles 


nCLE H0LD command to suspended CLK edge; 

HOLD operation exit to entry of any command 


1 1 


1 1 


1 1 


cycles 


nRSA MRS command to ACTV, REFR, SLFR, or MRS command 


2 


2 


2 


cycles 


nCDD DESL command to control input inhibit 


0 0 


0 0 


0 0 


cycles 


nBSD STOP command to READ or WRT command 


2 


2 


2 


cycles 



t All references are made to the rising transition of CLK, unless otherwise noted. 

* A CLK cycle can be considered as contributing to a timing requirement for those parameters defined in cycle units only when not gated by CKE 

(those CLK cycles occurring during the time when CKE is asserted low). 
NOTES: 12. A data-out burst can be interrupted only on an even number of clock cycles after the initial READ command is entered (refer to 



nCCD). 

1 3. A read or write burst can be Interrupted only at an even number of clock cycles after entry of the initial READ or WRT command. 
The nCCD parameter is only required in the case of a burst interruption. 



Texas 
Instruments 

POST OFFICE BOX 1 443 • HOUSTON, TEXAS 77251-1 443 5-59 



Table 9. Number of Cycles Required to Meet Minimum Specification for Key Timing Parameters 





TMS626802-10 


TMS626802-12 


TMS626802-15 


UNITS 


Operating frequency 


100 


80 


66 


50 


33 


80 


66 


50 


33 


66 


50 


33 


MHz 


trjK Cycl© time, CLK (system clock) 


10 


12 


15 


20 


30 


12 


15 


20 


30 


15 


20 


30 


ns 


KEY PARAMETER 


NUMBER OF CYCLES REQUIRED 


Read latency, minimum programmed value 


3 


3 


2 


2 


1 


3 


3 


2 


2 


3 


2 


2 


cycles 


tRCD ACTV command to READ or WRT command 


3 


3 


2 


2 


1 


3 


3 


2 


2 


3 


2 


2 


cycles 


tRAS ACTV command to DEAC or DCAB command 


6 


5 


4 


3 


2 


6 


5 


4 


3 


6 


4 


3 


cycles 


tRp DEAC or DCAB command to ACTV, MRS, SLFR, or REFR command 


4 


4 


3 


2 


2 


4 


3 


2 


2 


3 


3 


2 


cycles 


. REFR command to ACTV, MRS, or REFR command; self-refresh exit to ACTV, 
^C MRS, SLFR, or REFR command 


10 


9 


7 


5 


4 


10 


8 


6 


4 


9 


7 


5 


cycles 


Final data in to DEAC 
tRWl - or DCAB command 


Burst length = 1 


3 


3 


3 


2 


2 


3 


3 


2 


2 


3 


3 


2 


cycles 


Burst length > 1 


2 


2 


2 


1 


1 


2 


2 


1 


1 


2 


2 


1 


cycles 


tRRD ACTV command for one bank to ACTV command for the other bank 


2 


2 


2 


1 


1 


3 


2 


2 


1 


2 


2 


1 


cycles 


Final data out of READ-P operation to 
tAPR ACTV, MRS, SLFR, or REFR 
command 


Burst length = 1 , Read latency = 1 










3 
















cycles 


Burst length = 1 , Read latency = 2 






3 


2 


2 






2 


2 




3 


2 


cycles 


Burst length = 1 , Read latency = 3 


3 


3 


2 


1 


1 


3 


2 


1 


1 


3 


2 


1 


cycles 


Burst length > 1 , Read latency = 1 










2 
















cycles 


Burst length > 1 , Read latency = 2 






2 


1 


1 






1 


1 




2 


1 


cycles 


Burst length > 1 , Read latency = 3 


2 


2 


1 


0 


0 


2 


1 


0 


0 


2 


1 


0 


cycles 


Final data in of WRT-P operation to 
tAPW ACTV, MRS, SLFR, or REFR 
command 


Burst length = 1 


7 


6 


5 


4 


3 


6 


5 


4 


3 


6 


5 


4 


cycles 


Burst length > 1 


6 


5 


4 


3 


2 


5 


4 


3 


2 


5 


4 


3 


cycles 
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PARAMETER MEASUREMENT INFORMATION 



general Information for ac timing measurements 

The ac timing measurements are based on signal rise and fail times equal to 1 ns (tj = 1 ns) and a midpoint 
reference level of 1 .4 V for LVTTL For signal rise and fall times greater than 1 ns, the reference level should 
be changed to Vjh min and V||_ max instead of the midpoint level. All specifications referring to READ commands 
are also valid for READ-P commands unless otherwise noted. All specifications referring to WRT commands 
are also valid for WRT-P commands unless otherwise noted. All specifications referring to consecutive 
commands are specified as consecutive commands for the same bank unless otherwise noted. 



1.4 V 



3.3 V 





Output 
Under Test 



Under Test 



C L = 50 pF 
(see Note A) 



(a) LOAD CIRCUIT 

NOTE A: C|_ includes probe and fixture capacitance. 



(b) ALTERNATE LOAD CIRCUIT 



Figure 10. Load Circuits 



nEP 



CLK 




DEAC/DCAB 
Command 




tHz —W — 



Final Output of Burst ' 

NOTE A: For this example, assume read latency = 3 and burst length > 1 . 



Figure 11. nEP, Final Data Output to DEAC or DCAB Command 
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PARAMETER MEASUREMENT INFORMATION 
fl Read Latency — ►) 




Figure 12. Output Parameters 




+| DEAC, DCAB 

+j READ, WRT 

W ACTV, MRS, REFR, SLFR 

>j ACTV, MRS, REFR, SLFR 

+j ACTV, MRS, REFR, SLFR 

>l ACTV, MRS, REFR, SLFR 

*| ACTV (of a different bank) 
ACTV, REFR, SLFR, MRS 

>l STOP, READ, WRT, DEAC, DCAB 



NOTE A: tppo is specified for command execution in one bank to command execution in the other bank. 
Figure 1 3. Command-to-Command Parameters 
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PARAMETER MEASUREMENT INFORMATION 



tcK- 



tCKH-H#->( 

l! ! 



CLK 



*DS» *AS» «CS. tCES — 

I 



»DS.»AS. tcs< *CES> tCESP- 



I I I 

I tCKL- 



tQH.tAH. tCH.*CEH 

I 



DQ0-DQ7, A0-A11, CS, RAS, 
, W, DQM, CKE 



j« *DH. *AH» *CH. tCEH 

I I 

I 

I DQ0-DQ7, AO-Alt, CS, RAS, 

\ CAS, W, DQM, CKE 



Figure 14. Input-Attribute Parameters 



CLK 



DQ0-DQ7 



Read Latency ■ 2 
(see Note A) 



READ Command 



DEAC/DCAB 
Command 




DQM 

NOTE A: For this example, assume read latency = 2 and burst length = 2. 

Figure 15. DQ Masking 
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PARAMETER MEASUREMENT INFORMATION 




CLK 

READ-P Command 

DQ0-DQ7 

NOTE A: For this example, assume read latency * 2 and burst length ■ 2. 

Figure 16. Read-Automatic Deactivate (Autoprecharge) 



CLK 



DQ0-DQ7 

NOTE A: For this example, the burst length ■ 2. 



»APW 




■Vr 




ACTV Command 



Figure 17. Write-Automatic Deactivate (Autoprecharge) 
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PARAMETER MEASUREMENT INFORMATION 



CLK 




DQ0-DQ7 — ^ Q0-Q7""^ Q0-Q7 (assume final data output of burst) ^ 



k— H- tcES 



CKE 



tcES 



Figure 18. CLK-Suspend Operation 



CLK Is "Don't Cars" for This Interval 



No READ (READ-P) or 
WRT(WRT-P) 
In Progress 

CLK 



CKE 



Enter 
Power-Down 
Operation 




i 

-+t~ *CES 



\ 



CLK Must Be Active and Stable 
Before Returning CKE High 



- Exit Power Down 
(new command) 




tCESP 



Figure 19. Power-Down Operation 
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PARAMETER MEASUREMENT INFORMATION 
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NOTE A: Assume both banks are previously deactivated. 

Figure 20. Self-Refresh Entry/Exit 
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NOTE A: Assume read latency = 2 and burst length = 8. 

Figure 21. Write Burst Followed by DEAC/DCAB-lnterrupted Read 
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t Column-address sequence depends on programmed burst type and CO (seeTaWe 5). 

NOTE A: This example illustrates minimum t R CD and nEP for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 22. Read Burst (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (seeTable 5). 

NOTE A: This example illustrates minimum tRWL for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 
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Figure 23. Write Burst (burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 4). 
* Column-address sequence depends on programmed burst type and C1 (see Table 4). 

NOTE A: The example illustrates minimum t R cD for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 24. Write-Read Burst (read latency = 3, burst length = 2) 



2 

s 

m 

73 

c 

33 

m 

m 
z 



n 
O 

30 

O 

z 



o 

JO 

o 



c/> 

>i 

ill 

-nO JJ 

i m-3 
5</>CD iH 

mO>S 



ACTVT READT WRT-PT 

<« \/\A/\/\A/\/\/\/\/\/\/^^ 





B ^T BANK ROW 
(D/Q) (B/T) ADDR 


BURST CYCLE 

a b c d e f g h i J k 1 m n o p 


Q T RO 
D T RO 


COt CO+1 CO+2 CO+3 CO+4 CO+5 CO+6 CO+7 

C1* C1+1 C1+2 C1+3 C1+4 C1+5 C1+6 C1+7 



t Column-address sequence depends on programmed burst type and CO (see Table 6). 
* Column-address sequence depends on programmed burst type and C1 (see Table 6). 

NOTE A: This example illustrates minimum tRco for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 25. Read-Write Burst With Automatic Deactivate (read latency = 3, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6). 
* Column-address sequence depends on programmed burst type and C1 (see Table 6). 
§ Column-address sequence depends on programmed burst type and C2 (see Table 6). 

NOTE A: This example illustrates minimum tRCD for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 26. Two-Bank Row-Interleaving Read Bursts With Automatic Deactivate (read latency = 3, burst length = 8) 
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Column-address sequence depends on programmed burst type and CO (see Table 4). 
t Column-address sequence depends on programmed burst type and C1 (see Table 4). 
§ Column-address sequence depends on programmed burst type and C2 (see Table 4). 



Figure 27. Two-Bank Column-Interleaving Read Bursts (read latency = 3, burst length = 2) 
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t Column-address sequence depends en programmed burst type and CO. (see Table 5). 
* Column-address sequence depends on programmed burst type and C1 . (see Table 5). 
NOTE A: This example illustrates a minimum tpcD and nEP read burst, and a minimum tRWL write burst for the '626802-1 0 at 1 00 MHz, the '626802-1 2 at 80 MHz, and the 
'626802-15 at 66 MHz. 

Figure 28. Read-Burst Bank B, Write-Burst Bank T (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
* Column-address sequence depends on programmed burst type and C1 (see Table 5). 

NOTE A: This example Illustrates minimum nCWL for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-1 5 at 66 MHz. 
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Figure 29. Write-Burst Bank T, Read-Burst Bank B With Automatic Deactivate (read latency = 3, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
t Column-address sequence depends on programmed burst type and C1 (see Table 5). 

NOTE A: This example illustrates a minimum tRCD read burst and minimum tpyVL write burst for the '626802-1 0 at 1 00 MHz, the '626802-1 2 at 80 MHz, 
and the '626802-15 at 66 MHz. 

Figure 30. Use of DQM for Output and Data-in Cycle Masking (read-burst bank T, wrlte-burst bank B, deactivate all banks) 

(read latency = 2, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 6): 

NOTE A: This example illustrates minimum t R c, tRCD» nEP - and t RP for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 31. Refresh Cycles (refreshes followed by read burst followed by refresh) (read latency = 2, burst length = 8) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 

NOTES: A This example illustrates minimum t R CD tor the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 
B. Refer to Figure 1 

Figure 32. Mode Register Programming (deactivate all, mode program, write burst with automatic deactivate) 

(read latency = 2, burst length = 4) 
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t Column-address sequence depends on programmed burst type and CO (see Table 5). 
t Column-address sequence depends on programmed burst type and C1 (see Table 5). 

NOTE A: This example illustrates minimum tRCD for the '626802-10 at 100 MHz, the '626802-12 at 80 MHz, and the '626802-15 at 66 MHz. 

Figure 33. Use of CKE for Clock Gating (hold) and Standby Mode (read-burst bank T with hold, write-burst bank B, standby 

(read latency = 2, burst length = 4) 
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TMS55160 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 
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This data sheet is applicable to all TMS55160S 
symbolized with Revision "C and subsequent 
revisions as described on page 5-134. 

• Organization: 

- DRAM: 262144 Words x 16 Bits 

- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast Area 
Fill Operations; As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Bit On-Chip Color Register 

• Write-Per-Bit Feature for Selective Write to 
Each RAM I/O; Two Write-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (CASL, CASU) Provides 
Flexibility 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 

• Split-Register-Transfer Read for Simplified 
Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Texas Instruments EPIC™ CMOS Process 

• Designed to Work With the 
Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 
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description 

The TMS55160 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 1 44 words of 1 6 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 1 6 bits each. The TMS551 60 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS551 60 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55160 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 1 6 bits of data (present 
in an on-chip color data register) to be written to any combination of fou r adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 1 6 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55160 also offers byte control. Byte control can be applied in read 
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. 

The TMS55160 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55160 are compatible with Series 74 TTL All address lines 
and data-in lines are latched on chip to simplify system design. All data-outs are unlatched to allow greater 
system flexibility. 

The TMS55160 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55160 is offered in a 64-pin small-outline gull-wing-leaded package (DGH suffix) for direct surface 
mounting. 

The TMS55160 and other Tl multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 
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functional block diagram (continued) 
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1 of 4 Sub-Blocks 



Row 
Buffer 



77 



SC 

t 



Serial- 
Address 
Counter 



Refresh 
Counter 



Split- 
Register 
Status 




QSF 
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Table 1. Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 






WE 


DSF 


DSF 


RAS 




RAS 


CASL 


CASx* 


TRG 


CASx* 


CASU 
WE 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 




CBR refresh (no reset) and stop-point 
set 11 


L 


x 




H 


X 


Stop 
Point* 


x 


x 


x 


CBRS 


CBR refresh (option reset) II 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 

Muar 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM write (nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM write (persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write-mask register^ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X = Don't care 

Col Mask = H: Write to address/column enabled 

Write Mask « H: Write to I/O enabled 

t DQO- DQ1 5 are latched on either the fi rst fall ing e dge of CASx or the falling edge of WE, whichever occurs later. 

* Logic L is selected when either or both CASL and CASU are low. 

§ The column address and block address are latched on the first falling edge of CASx. 
' CBRS cycle should be performed immediately after the power-up initialization cycle. 

* AO- A3, A8: don't care; A4-A7: stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


SAM 


A0-A8 


Row, column address 


Row address, tap point 




CASE 
CASU 


Column-address strobe, DQ output enable 


Tap-address strobe 




DQ 


DRAM data I/O, Write mask 






DSF 


Block-write enahla 

Write-mask-register load enable 
Color-register load enable 
CBR (option reset) 


Split-register-transfer enable 




RAS 


Row-address strobe 


Row-address strobe 




SE 






SQ output enable, 
QSF output enable 


SC 






OOMCll (*IVA«I\ 


SQ 






Serial-data output 


TRG 


DQ output enable 


Transfer enable 




WE 


Write enable 






QSF 






Serial-register status 


NC/GND 


Make no external connection or tie to system GND 






v C c T 


5-Vsupply 






v ss t 


Ground 







t For proper device operation, all Vqc P» ns must be connected to a 5-V supply, and all V$s pins must be tied to ground. 

pin definitions 
address (A0-A8) 

Eighteen address bits are required to decode one of 262 1 44 storage cell lo cations. Nine row-address bits are 
set up on pins A0-A8 and latched onto the chip on the falling edge of RAS. N ine column-address bits are set 
up on pins A0-A8 and latch ed on to the chip on the first fallin g edge of CASx. All addresses must be stable on 
or before the falling edge of RAS and the first falling edge of CASx. 

During the full-register-transfer read operation, the states of A0-A8 are latch ed on t he falling edge of RAS to 
select one of the 51 2 rows where the transfer occurs. At the first falling edge of CASx, the column-address bits 
A0-A8 are latched. The most significant column-address bit (A8) selects which half of the row is transferred 
to the SAM. The appropriate 8-bit column address (A0-A7) selects one of 256 tap points (starting positions) 
for the serial data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CASx. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (A8) selects the 
DRAM half row. The remaining seven address bits (A0-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 1 27 and 255 are not valid tap points. 

row-address strobe (RAS) 

RAS i s sim ilar to a chip enable, so that all DRAM cycles and transfer cycles are i nitiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WE, TRG, CASL, CASU, and DSF onto 
the chip to invoke DRAM and transfer read functions of the TMS551 60. 
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column-address strobe (CASL, CASU) 

CASL and CASU are control inputs t hat latc h the states of the column address and DSF to control DRAM and 
transfer functions of the TMS551 60. CASx also act as output enables for the DRAM output pins DQ0-DQ1 5. 

In DRAM operation, CASL enables data to be written to or read from the lower byte (DQ0-DQ7) and CASU 
enables data to be written to or from the upper byte (DQ8-DQ1 5). 

In transfer operations, address bits AO- A8 are latched at the first falling edge of CASx as the start position (tap) 
for the serial data output (SQ0-SQ1 5). 

output enable/transfer select (TRG) 

The TR G pin selects either DRAM or transfer opera tion as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM o perati on, TRG functions as an o utput enable for the DRAM output pins 
DQ0-DQ1 5. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WE) 

In DRAM operation, WE enables data to be written to the DRAM. WE is also used to select the DRAM 
write-per-bit mode of operation. Holding WE low on the falling edge of RAS invokes the write-per-bit operation. 
The TMS55160 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (DSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CASx, similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 

• CBR refresh with no reset (CBRN) 

• CBR refresh with no reset and stop point set (CBRS) 

• Block write 

• Loading write-mask register for the persistent write-per-bit mode (LMR) 

• Loading color register for the block-write mode 

• Split-register-transfer read 

DRAM data I/O, write mask data (DQO-DQ 15) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DQ output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 74 TTL load. D ata ou t i s the s ame polarity 
as data in. The outputs are in the high-impedance ( floatin g) st ate as long as either TRG or CASx is held high. 
Data does not appear at the outputs until after both CASx and TRG have been brought low. The write mask is 
latched into the device via the random DQ pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation, the DQ outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQ0-SQ1 5) 

Serial data is read from the SQ pins. The SQ output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS551 60 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency. 
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serial enable (SE) 

During serial access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial address counter regardless of the state of SE. This ungated serial clock scheme minimizes access time 
of serial output from SE low because the serial clock input buffer and the serial address counter are not disabled 
bySE. 

special function output (QSF) 

QSF is an output pin that indicates which half of the SAM is being accessed. When QSF is low, the serial address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When QSF is high, the 
pointer is accessing the higher (most significant) 1 28 bits of the SAM. 

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. The QSF output is enabled by SE. If SE is high, 
the QSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 
random access operation 



Table 3. DRAM Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQ0-DQ15+ 


MNE 
CODE 






WE 


DSF 


uor 


RAS 




RAS 


CASL 


CASx* 


TRG 


CASx§ 


CASU 
We 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 





CBR refresh (no reset) and stop-point 
setfl 


lm 


v 
A 


i 


u 
n 


X 


Stop 
Point # 


y 

A 


y 

A 


y 

A 


CBRS 


CBR refresh (option reset) 1 1 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


i 

L 


v 
A 


u 
n 


u 
n 


X 


A 


v 
A 


v 

A 


v 

A 


CBRN 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 

AAA* 


Col 

AAA* 

Aaar 


X 


Valid 
Data 


RW 


DRAM write 

yionporsisioni wnie-per-uiij 


H 


H 


L 


L 


L 


Row 

AHHr 

Aoar 


Col 

AAAr 


Write 

MoSK 


Valid 
Data 


RWM 


DRAM write 

/riArcfctent u/ritA-nor-hit\ 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X = Don't care 

Col Mask = H: Write to address/column enabled 

Write Mask =H: Write to I/O enabled 

t DQO- DQ1 5 are latched on either the fi rst fall ing e dge of CASx or the falling edge of WE, whichever occurs later. 

* Logic L is selected when either or both CASL and CASU are low. 

§ The column address and block address are latched on the first falling edge of CASx. 
' CBRS cycle should be performed immediately after the power-up initialization cycle. 

* AO- A3, A8: dont care; A4-A7: stop-point code 

1 1 CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eli minat es the time required for row- address setup, 
row-address hold, and address multiplex. The maximum RAS low time and the minimum CAS page cycle time 
are used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55160 to opera te at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CASx 
transitions low. A valid column address can be presented immed iately after the row address hold time has been 
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after t a ( C ) max 
(access time from CASx low) if t a (CA) ma* (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing either or both CASL and CASU low earlier than RAS. The external 
row address is ignored, and the refresh row address is generated internally. Three types of CBR refresh cycles 
are available. The CBR refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. 
The CBRN and CBRS refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. 
The 51 2 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh 
is completed within the required time period, trf(MA)- Th e outp ut buffers remain in the high-impedance state 
during the CBR refresh cycles regardless of the state of TRQ. 

hidden refresh 

A hid den refresh is accomplished by holding both CASL and CASU low in the DRAM read cycle and cycling 
RAS. The output data of the DRAM read cycle remains valid while the refresh is being carried out. Like the CBR 
refresh, the refreshed row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx and TRQ are low, the 
output buffers r emain in the high-impedance state to conserve power. Externall y gen erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 51 2 row addresses with RAS causes all bits in each row 
to be refreshed. 
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byte operation 

Byte operation can be applied in DRAM read cycles, write cycles, block-write cycles, load-write-mask-register 
cycles, and lo ad-colo r-register cycle s. In b yte operation, the column address (A0 -A8) is latched at the first 
falling edge of CASx. In read cycles, CASL enables the lower byte (DQ0-DQ7) and CASU enables the upper 
byte (DQ8-DQ15) (see Figure 1). 



RAS 



/ 



CASL 



is. 



CASU 



A0-A8 



DQ0-DQ7 « 



tsu(CA) -H H-j 



Row 



Column 



ta(C) -H- 



DQ8-DQ15 . 



U — ►) — *h(CLCA) I 




Lower Byte Output 



> 



*a(C) *l 



k- *a(G) ~*1 



(Upper Byte \ 
Output / 



TRG 



Figure 1. Example of a Byte-Read Cycle 
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byte operation (continued) 

In byte-write operation, CASL enables data to be written to the lower byte (DQ0-DQ7) and CASU enable s data 
to be written to the upper byte (DQ8-DQ15). In an early-write cycle, WE Is brought low prior to both CASx 
signals. Data setup and hold times for DQ0-DQ15 are referenced to the first falling edge of CASx 
(see Figure 2). 



RAS 



WE 



CASL 



CASU 



/ 



\ r 



~~h r 



A0-A8 (XXX Row XXXXXX. Column 



, I I 

j [J*-*! th(CLCA) 



T I 

tsu(DCL) —H M 

I 



U "4- t h(CL D) 



DQ0-DQ15 <XXXXXXXXXXXXX Valid Input 



Figure 2. Example of an Early-Write Cycle 
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byte operation (continued) 

For late-write or read-modify-write cycles, WE is brought low after either or both CASL and CASU fall. The data 
is strobed in with data setup and hold times for DQO -DQ1 5 referenced to WE (see Figure 3). 




Figure 3. Example of a Late-Write Cycle 
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wrlte-per-bit 

The wrlte-per-bit feature allows masking any combination of th e 16 D Qs on any write cycle. The write-per-bit 
opera tion is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of 
RAS, the write operation is performed without any masking. The TMS551 60 offers two write-per-bit modes: the 
nonpersistent write-per-bit and the persistent write-per-bit. 

nonperslstent wrlte-per-bit 

When WE is low on the falling edge of RAS, the write mask is reloaded. A 1 6-bit binar y code (the write-per-bit 
mask) is input to the device via the DQ pins and latched on the fall ing e dge of RAS. The write-per-bit mask 
selects which of the 1 6 l/Os are to be written and which are not. After RAS has latched the o n-chip write-per-bit 
mask, i nput data is driven onto the DQ pins and is latched on either the first falling edge of CASx or the falling 
edg e of WE , whichever occurs later. CASL enables the lower byte (DQ0-DQ7) to be written through the mask, 
and CASU enables the upper byte (DQ8-DQ1 5) to be wri tten th rough the mask. If a data low (write mask = 0) 
is strobed into a particular I/O pin on the falling edge of RAS, data is not written to that I/O. If a data high 
(write mask = 1) is strobed into a particular I/O pin on the falling edge of RAS, data is written to that I/O 
(see Figure 4). 



RAS 



/ 



CASU 



CASL 



\ 
\ 



/ 
/ 



WE 



\ 



/ 




tsu(DQR) 



U ►! *h(WLD) 



U — t h (RDQ) 



l« *t-t*u(DWL)| 



DQ0-DQ15 




Write Mask 



Valid Input 



Figure 4. Example of a Nonperslstent Write-Per-BIt (Late-Wrlte) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register (LMR) cycle first. 
In the persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-writ e-mas k-register cycle is performed using D RAM w rite-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the first falling edge of CASx. A bi nary co de is input to the write-mask register 
via the random I/O pins and latched on either the first falling edge of OASx or the falling edge of WE, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in e xactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. Wh en th e device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 5). 



RAS 



I Load-Wrlte-Mask Register 

i"\ r 



CasxT 



a r 



Persistent Wrlte-Per-BIt 



a r 



CBR Refresh (option reset) 

\ . 



A0-A8 



Refresh 
I Address 



Row 



Column 



DSF 



WE 

DQO- 
DQ15 



Write-MaskData 



Valid 
Input 



Mask Data « 1 : Write to I/O enabled 
* 0: Write to I/O disabled 



Figure 5. Example of a Persistent Wrlte-Per-BIt Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as (4 columns x 4 DQs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DQs per 
column (see Figure 6). 




4 Consecutive Columns of 0-511 



Figure 6. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write masking options. The DQ data is provided by four bits from the on-chip color register. 
Bits 0-3 from the 1 6-bit write-mask register, bits 0 -3 from the 1 6-bit column-mask register, and bits 0 -3 from 
the 1 6-bit color-data register configure the block write for the first quadrant, while bits 4-7,8-11, and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 7). 



5-94 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS55160 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 60D - AUGUST 1 992 - REVISED JUNE 1 995 



block write (continued) 




0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

\ , v . 

Color Register 
Figure 7. Block Write With Masks 
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block write (continued) 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0-3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11 , etc., as shown in Figure 8. 

Block 0 Block 1 Block 127 

A A A 



One Row of 0-511 



0 1 2 3 4 5 6 7 511 

v — — 

Columns 



N v— —* 



Figure 8. Block Columns Organization 

During block-w rite cy cles, only the seven most significant column addresses (A2-A8) are latched on the first 
falling edge of CASx to decode one of the 128 blocks. Address bits A0-A1 are ignored. Each one-megabit 
quadrant has the same block selected. 

A block-write cycle i s entered in a manner similar to a D RA M write cycle except DSF is held high on the first 
falling edge of CASx. As in a DRAM write operation, CASL and CASU enable the corresponding lower and upper 
DRAM DQ bytes to be written , respectively. The column-mask data is input via the DQs and is latched on either 
the first falling edge of CASx or the falling edge of WE, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (A0-A8 from left to right) 



bitO bit 15 



color-data register 


= 1011 


1011 


1100 


0111 


write-mask register 


= 1110 


1111 


1111 


1011 


column-mask register 


= 1111 


0000 


0111 


1010 




1st 


2nd 


3rd 


4th 




Quad 


Quad 


Quad 


Quad 



Column-address bits AO and A1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has DQ0-DQ2 written with bits 0-2 from the color-data register (101) to all four columns of 
block 0. DQ3 is not written and retains its previous data due to the write-mask register bit 3 being a 0. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column mask bits 4-7 being 0, 
so that no data is written. 

The third quadrant (DQ8-DQ11 ) has its four DQs written with bits 8-11 from the color-data register (1100) to 
columns 1 -3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to the column 
mask-register bit 8 being 0. 

The fourth quadrant (DQ12-DQ15 ) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block 0. DQ1 3 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 9 after the 
block-write operation shown in the previous example. 
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block write (continued) 



DQ12 




4th Quadrant 



TTTT 

Columns 0 12 3 

Figure 9. Example of Fourth Quadrant After a Block-Write Operation 

load color register 

The load-color-registe r cycle is per form ed usin g normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS, CASL, an d CAS U. The color register is loaded from pins DQ0-DQ15, whi ch are 
latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASx 
is low, only the corresponding byte of the color register is loaded. When the color register is loaded, it retains 
data until power is lost or until another load-color-register cycle is performed (see Figure 10 and Figure 11). 



Load-Color-Register Cycle 



Block-Write Cycle 
(load and use write mask) 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the first falling edge of CASx. 

4. Color-register data 

5. Write-mask data: DQ0-DQ1 5 are latched on the falling edge of RAS. 

6. Column-mask data: DQi - DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. 

= don't care 

Figure 10. Example of Block Writes 
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load color register (continued) 



| Load-Wrlte-Mask-Reglster Cycle | Load-Color-Register Cycle | Persistent Block-Write Cycle | 
| | | (use loaded write mask) | 




Legend: 

1. Refresh address 

2. Row address 

3. Blockaddress (A2-A8) is latched on the first falling edge of CASx. 

4. Color-register data 

5. Write-mask data: DQ0 -DQ1 5 are latched on the falling edge of CASx. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. 

Figure 11. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM arr ay is s elected 
to be transferred to the 256-bit serial-da ta reg ister. The transfer operation is invoked by bringing TRG lo w and 
holding WE high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 



Table 4. SAM Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQO- 


-DQ15 


MNE 




TRG 








RAS 






CASx 
WE 


CODE 




CASxt 


WE 


DSF 


DSF 


CASx 


RAS 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr x 


Tap 
Point 


X 


X 


SRT 



t Logic L is selected when either or both CASL and CASU are low. 
X = dont care 
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full-reglster-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and la tched at the falling edge of RAS. Nine row-address bits (AO- A8) are also latched at the 
falling edge of RAS to select one of the 512 r ows av ailable for the transfer. The nine column-address bits 
(AO- A8) are latched at the first falling edge of CASx, where address bit A8 selects which half of the row is 
transferred. Address bits A0-A7 select one of the SAM's 256 available tap points from which the serial data 
is read out (see Figure 12). 



A8«0 A8-1 
0 255 256 511 



512x512 
Memory Array 



256-Bit 
Data Register 
0 255 

Figure 12. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 13). 



I Early Load ^ Real-Time Load ^ Late Load 




Figure 13. Example of Full-Register-Transfer Read Operations 
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split-register-transfer read 

In the split-register-transfer read operation, the serial data register is split into halves. The low half contains bits 
0-1 27, and the high half contains bits 1 28- 255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 



A8 * 0 A8 m 1 

255 256 




512x512 
Memory Array 



256-Bit 
Data Register 



Figure 1 4. Split-Register-Transfer Read 

To invoke a split-register-transfer read cycle, DSF is brought high, TRG is brought low, and both are la tched at 
the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS to select 
one of the 51 2 rows availa ble for t he transfer. Eight of the nine column-address bits (A0-A6 and A8) are latched 
at the first falling edge of CASx. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits AO- A6 select one of the 1 27 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half. 



p^g~N^Fu!IXFER J f """N^SplitXFEFy^ Ny SplltXFER ^ Ny Spllt XFEr /~ 



A8»0 



511 



DRAM 



A 


B 






\ 


\ 






-i 
-J 


-i 
—\ 















SAM 




A8«1 
A7*0t 511 



A 


B 


c 








7" 
4- 














-I 







A8»1 
A7»lt 511 



A 


B 


C 


D 








T 
it- 














-4 





0 f2 55 

1 ► so 




811 



A 


B 


C 


D 


E 








T 

















of 255 

EE 

S Q 

t A7 shown is internally controlled. 

Figure 15. Example of a Split-Register-Transfer Read Operation 



OV 255 

► SQ 



A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt-reglster-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial access operation. When QSF is low, 
the serial-address pointer is accessing the lower (least significant) 1 28 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most significant) 1 28 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 



Full-Register-Transfer Read Split-Register 
With Tap Point N Transfer Read 

*■ \ / \ r 



CASx 



TRG 



DSF 



SC 



QSF 



■fc= 



■\ r 

r~ 



td(CLQSF) " 
|«- »i td(GHQSF) 

- — y 



Tap 
Point N 



Figure 16. Example of a Split-Register-Transfer Read After a Full-Register-Transfer Read 



Split-Register 
Transfer Read 
With Tap Point N 



Split-Register 
Transfer Read 




127 Tap 
or 255 Point N 



QSF 



td(SCQSF) 



Figure 17. Example of Successive Split-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255) , and then wrapping around to the least significant bit (bit 0) , as shown in Figure 1 8. 



| Tap | — > • • • | 254 | 255 | 



Figure 18. Serial Pointer Direction for Serial Read 



For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer proceeds 
sequentially to the most significant bit of the half, bit 1 27 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 19). 

















• 


• • • 






| 128 | • • • 


Tap 




254 | 255 | 



Figure 19. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
the least significant bit of the inactive half, bit 128 or bit 0 (see Figure 20). 



H 























Figure 20. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop point 

The TMS551 60 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop- point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 21). 



127 128 



255 



Partition 
Length" 



- Stop 
Points 



Figure 21. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-p oint mode is not active until the CBRS cycle is i nitiate d. The CBRS opera tion i s performed by holding 
CASx and WE low and DSF high on the falling edge of RAS. The falling edge of RAS latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row-address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 



Table 5. Programming Code for Stop-Point Mode 



MAXIMUM 
PARTITION 
LENGTH 


ADDRESS AT RAS IN CBRS CYCLE 


NUMBER OF 
PARTITIONS 


STOP-POINT LOCATIONS 


A8 


A7 


A6 


AS 


A4 


A0-A3 


16 


X 


L 


L 


L 


L 


X 




15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 
191,207,223,239,255 


32 


X 


L 


L 


L 


H 


X 


8 


31, 63, 95, 127, 159, 191, 223, 255 


64 


X 


L 


L 


H 


H 


X 


4 


63,127,191,255 


128 
(default) 


X 


L 


H 


H 


H 


X 


2 


127,255 



In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 22). 




Tap - H1 Tap = LI Tap « H2 Tap « L2 

HI 191 L1 63 H2 255 L2 

sc /\/\_... v\y\/\/>^...-/\/\/\- ./\/\- 



L1 



SAM Low Half 
63 



L2 



127 128 

□ □ 



HI 



SAM High Half 
191 



H2 



255 



Figure 22. Example of Split-Register Operation With Programmable Stop Points 
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256-/51 2-bit compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AY8 are internally swapped to assure the compatibility (see Figure 23) . 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit A Y8 isa don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset cycle is 
not recommended because it ends the stop-point mode and restores address bits AY7 and AY8 to their normal 
function. Consistent use of CBR cycles ensures that the TMS55160 remains in normal mode. 



NON STOP-POINT MODE 
AY8-0 AY8 = 1 

AY7 « 0 AY7 = 1 AY7 = 0 AY7 = 1 



STOP-POINT MODE 
AY8-0 AY8*1 
AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 1 




512x512 
Memory Array 



256-Bit 
Data Register 




512x512 
Memory Array 



256-Bit 
Data Register 



Figure 23. DRAM-to-SAM Mapping, Non Stop-Point Versus Stop Point 

IMPORTANT: For proper device operation in a split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 



power up 



To achi eve pr oper device op eratio n, an initial pause of 200 \ns is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS551 60 is as follows: 





STATE AFTER INITIALIZATION 


QSF 

Write mode 
Write-mask register 
Color register 
Serial-register tap point 
SAM port 


Defined by the transfer cycle during initialization 

Nonpersistent mode 

Undefined 

Undefined 

Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc (see Note 1).. -1 V to 7 V 

Voltage range on any pin -1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1.1 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s tg - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vrjc Supply voltage 


4.5 5 5.5 


V 


V§s Supply voltage 


0 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


•c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SAM 
PORT 


'55160-60 


'55160-70 


'55160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 

* OH wAllnna 

■ voltage 


IOH*-1rnA 




2.4 


2.4 


2.4 


V 


y. Low-level output 
v OL voltage 


l0L* 2mA 




0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5.5V, 

V| = 0 Vto 5.8 V, 

All other pins at 0 V to Vcc 




±10 


±10 


±10 


|iA 


Output current 
,0 (leakage) 


Vrr * 5.5 V. Vn ■ 0 V to Vrr 
See Note 3 




±10 


±10 


±10 


MA 


'CC1 Operating current § 


See Note 4 


Standby 


180 


165 


150 


mA 


'CC1 A Operating current § 


tc(SC) = MIN 


Active 


225 


205 


185 


mA 


'CC2 Standby current 


All clocks = Vqc 


Standby 




5 


5 


mA 


'CC2A Standby current 


tySQ-MIN 


Active 


70 


65 


60 


mA 


. RAS-only refresh 
CC3 current 


See Note 4 


Standby 


180 


165 


150 


mA 


. RAS-only refresh 
•CC3A current 


tysc) = MIN, See Note 5 


Active 


225 


205 


185 


mA 


'CC4 Page-mode current § 


t<>(p) = MIN, See Note 5 


Standby 


135 


115 


105 


mA 


'CC4A Page-mode current § 


tc(sc) - MIN, See Note 5 


Active 


175 


155 


140 


mA 


ICC5 CBR current 


See Note 4 


Standby 


180 


165 


150 


mA 


ICC5A CBRcurrent 


tc(SC) ■ MIN, See Note 5 


Active 


225 


205 


185 


mA 


ICC6 Data-transfer current 


See Note 4 


Standby 


200 


180 


160 


mA 


'CC6A Data-transfer current 


tc(sc) = MIN 


Active 


250 


225 


200 


mA 



* For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 
§ Measured with outputs open 

NOTES: 3. SE is disabled for SO output leakage tests. 



4. Measured with one address change while RAS = Vj|_. tc( rc j), tyvv). *c(TRD)» = MIN. 

5. Measured with one address change while CASx - V||-| 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


C i(A ) 


Input capacitance, address inputs 


6 


PF 


Cj(RC) 


Input capacitance, address strobe inputs 


7 


PF 


Ci(W) 


Input capacitance, write enable input 


7 


PF 


Ci(SC) 


Input capacitance, serial clock 


7 


PF 


Ci(SE) 


Input capacitance, serial enable 


7 


PF 


Cj(DSF) 


Input capacitance, special function 


7 


PF 


CjfTRGV 


Input capacitance, transfer register input 


7 


PF 


C 0 (OV 


Output capacitance, SQ and DQ 


7 


PF 


C 0 (QSF) 


Output capacitance, QSF 


9 


PF 


NOTE 6: 


Vcc - 5 V ± 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


TEST 


ALT. 


'55160-60 


•55160-70 


'55160-80 


UNIT 


CONDITION^ 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(C) 


Access time from CASx 


td(RLCL) - MAX 


tCAC 


17 


20 


20 


ns 


ta(CA) 


Access time from column address 


td(RLCL) = MAX 


tAA 


30 


35 


40 


ns 


ta(CP) 


Access time from CASx high 


tyRLCL) = MAX 


tCPA 


35 


40 


45 


ns 


ta(R) 


Access time from RAS 


td(RLCL) = MAX 


tRAC 


60 


70 


80 


ns 


ta(G) 


Access time of DQ from TRG low 




toC A 
HJtA 


15 


20 


20 


ns 


ta(SQ) 


Access time of SQ from SC high 


Cl = 30 pF 


tSCA 


15 


20 


25 


ns 


ta(SE) 


Access time of SQ from SE low 


C|_ = 30 pF 


tSEA 


12 


15 


20 


ns 


tdis(CH) 


Disable time, random output from 
CASx high (see Note 8) 


C|_ * 50 pF 


tOFF 


0 


15 


0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from 
TRG high (see Note 8) 


CL*50pF 


tOEZ 


0 


15 


0 


20 


0 


20 


ns 


tdis(SE) 


Disable time, serial output from 
SE high (see Note 8) 


Cl = 30 pF 


tSEZ 


0 


10 


0 


15 


0 


20 


ns 



t Measured with outputs open. For conditions shown as MIN/MAX, use the appropriate value specified under timing requirements. 

NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TTL load and 50 pF. Data out reference level: 



Vqh / Vol ■ 2 V/0.8 V. Switching times for SAM port output are measured with a load equivalent to 1 TTL load and 30 pF. Serial data 
out reference level: Voh / Vol s 2 V/0.8 V. 
8 * klis(CH), tdis(G). and tdjs(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





ALT. 
SYMBOL 


'55160-60 


'551 60-70 


'55160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*c(rd) Cycle time, read 


tRC 


110 


130 


150 


ns 


*c(W) Cycle time, write 


twc 


110 


130 


150 


ns 


tc(rdW) Cycle time, read-modify-write 


tRMW 


150 


175 


200 


ns 


tc(p) Cycle time, page-mode read, write 


tpc 


35 


40 


45 


ns 


tc(RDWP) Cycle time, page-mode read-modify-write 


tpRMW 


80 


90 


100 


ns 


tcfTRD) Cycle time, transfer read 


tRC 


110 


130 


150 


ns 


*c(SC) Cycle time, serial clock (see Note 9) 


tQnri 

Ovv 


18 


22 


30 


ns 


tw(CH) Pulse duration, CASx high 


*v/r IN 


10 


10 


10 


ns 


*w(CL) Pulse duration, CASx low (see Note 1 0) 


tcAS 


17 10 000 


20 10 000 


20 10 000 


ns 


*w(RH) Pulse duration, RAS high 


tRp 


40 


50 


60 


ns 


tw(RL) Pulse duration, RAS low (see Note 11) 


tRAS 


60 10 000 


70 10 000 


80 10 000 


ns 


t w (WL) Pulse duration, WE low 


twp 


10 


10 


15 


ns 


twfTRG) Pulse duration, TRG low 




15 


20 


20 


ns 


tw(SCH) Pulse duration, SC high (see Note 9) 


tsc 


5 


8 


10 


ns 


tw(SCL) Pulse duration, SC low (see Note 9) 


tscp 


5 


8 


10 


ns 


*w(GHV Pulse duration, TRG high 


tTP 


20 


20 


20 


ns 


*w(RL)P Pulse duration, RAS low (page mode) 


tRASP 


60 100 000 


70 100 000 


80 100 000 


ns 


t su (CA) Setup time, column address before CASx low 


^ASC 


0 


0 


0 


ns 


tsu(SFC) Setup time, DSF before CASx low 


tFSC 


0 


0 


0 


ns 


*SU(RA) ooiup iifiio, row aaaress uuToro rwo iuw 


*ASR 


A 

u 




n 


ns 


t su (WMR) Setup time, WE before RAS low 


tWSR 


0 


0 


0 


ns 


tsu(DQR) Setup time, DQ before RAS low 


tMS 


0 


0 


0 


ns 


tsufTRG) Setup time, TRG high before RAS low 


tTHS 


0 


0 


0 


ns 


WSFR) Setup time, DSF low before RAS low 


tFSR 


0 


0 


0 


ns 


tsu(DCL) Setup time, data valid before CASx low 


tDSC 


0 


0 


0 


ns 


*su(DWL) Setup time, data valid before WE low 


tDSW 


0 


0 


0 


ns 


. Setup time, read command, WE high before 
tsu (rd) CA^low 


tRCS 


0 


0 


0 


ns 


. Setup time, early write command, 
tsu(WCL) WE low before CASx low 


twcs 


0 


0 


0 


ns 


tsufWCH) Setup time, WE low before CASx high, write 


tCWL 


15 


15 


20 


ns 


t su (WRH) Setu P time » WE low before RAS high, write 


tRWL 


15 


15 


20 


ns 


th(CLCA) Ho,d time, column address after CASx low 


tCAH 


10 


10 


15 


ns 


*h (SFC) Hold tlme » DSF a fter CASx low 


tCFH 


10 


10 


15 


ns 


*h(RA) Hold time, row address after RAS low 


tRAH 


10 


10 


10 


ns 



t Timing measurements are referenced to V|l max and V|h min. 
NOTES: 9. Cycle time assumes tt ■ 3 ns. 

10. In a read- modify -write cycle, td(CLWL) and tsu(WCH) must 06 observed. Depending on the user's transition times, this can require 
additional CASx low time ft w (CL)J- 

11. In a read- modif y-write cycle, td(RLWL) and t su (WRH) must be observed. Depending on the user's transition times, this can require 
additional RAS low time [t w (R|_)]. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 





ALT. 
SYMBOL 


'eci en_cn 
OOl OU-OU 


OOIOU-/ U 


'eci cnon 
OO 1 ou-ou 


UNIT 


MIM MAY 
Min MHA 


MIM MAY 


MIM MAY 
Nlin MMA 


+■ / ■ ■ fc fc LAr\\A lima TD^2 aftar DAC Inn/ 

'h(TRG) noiu lime, i rici auer nno low 


*THH 


m 

lU 


10 
IU 


m 

IU 


ns 


*h(RWM) Hold time, write mask after RAS low 


*RWH 


10 


10 


10 


ns 


th(RDQ) Hold time, DQ after RAS low (write-mask operation) 


tMH 


10 


10 


10 


ns 


*h(SFR) HoW time » DSF after RAS low 


tRFH 


10 


10 


10 


ns 


. Hold time, column address valid after RAS low 

thfRLCA^ / j-^v 

nvni_^M; (see Note 1 2) 


tAR 


30 


30 


35 


ns 


*h (CLD) Ho,d timQ t data valid after CASx low 


tDH 


15 


15 


15 


ns 


th(RLD) Hold time, data valid after RAS low (see Note 1 2) 


tDHR 


35 


35 


35 


ns 


*h (WLD) Hold time, data valid after WE low 


tDH 


15 


15 


15 


ns 


Hold time, read, WE high after CASx high 
th(CHrd) (see Note 13) 


tRCH 


0 


0 


0 


ns 


Hold time, read, WE high after RAS high 
th(RHrd) (see Note 13) 


tRRH 


0 


0 


0 


ns 


*h(CLW) Hold time, write, WE low after CASx low 


tyvCH 


10 


15 


15 


ns 


th(RLW) Hold time, write, WE low after RAS low (see Note 1 2) 


tWCR 


30 


35 


35 


ns 


t n (WLG) Hold time, TRG high after WE low (see Note 14) 


tOEH 


10 


10 


10 


ns 


th(SHSQ) Hold time, SQ valid after SC high 


*SOH 


4 


c 
o 


5 




th(RSF) Hold time, DSF after RAS low 


*FHR 


30 


30 


35 




td(RLCH) Delay time, RAS low to CASx high 




*CSH 


60 


70 


80 


ns 


See Note 15 


*CHR 


10 


10 


15 


td(CHRL) Delay time, CASx high to RAS low 


tCRP 


0 


0 


0 


ns 


*d(CLRH) Delay time, CASx low to RAS high 


tRSH 


17 


20 


20 


ns 


Delay time, CASx low to WE low 
td(CLWL) ( See Notes 1 6 and 1 7) 


tQWD 


37 


45 


45 


ns 


td(RLCL) Delay time, RAS low to CASx low (see Note ) 


*RCD 


20 43 


20 50 


20 60 


ns 


td(CARH) Delay time, column address valid to RAS high 


tRAL 


30 


35 


40 


ns 


td(CACH) Delay time, column address valid to CASx high 


tCAL 


30 


35 


40 


ns 


td(RLWL) Delay time, RAS low to WE low (see Note 1 6) 


tRWD 


80 


95 


105 


ns 


. Delay time, column address valid to WE low 
td(CAWL) (see Note 16) 


*AWD 


50 


60 


65 


ns 


*d(CLRL) Delay time, CASx low to RAS low (see Note 1 5) 


tCSR 


0 


0 


0 


ns 


*d (RHCL) Delay time, RAS high to CASx low (see Note 1 5) 


tRPC 


0 


0 


o 


ns 


td(CLGH) Delay time, CASx low to TRG high for DRAM read cycles 




17 


20 


20 


ns 


*d(GHD) Delay time, TRG high before data applied at DQ 


tQED 


10 


15 


15 


ns 



t Timing measurements are referenced to V|l max and V|h min. 



NOTES: 12. The minimum value is measured when t<j/RLCL) is set to t<j(RLCL) min as a reference. 

1 3. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle. 

1 4. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

15. CBRrefresh operation only 

16. Read -modify-write operation only 

17. TRG must disable the output buffers prior to ap plying data to the DQ pins. 

18. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 





ALT. 
SYMBOL 


'55160-60 


'55160-70 


'55160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*d (RLTH) Delay time, RAS low to TRG high (see Note 1 9) 


tRTH 


50 


55 


60 


ns 


. Delay time, RAS low to first SC high after TRG high 
•u^ni-on; (see Note 20) 


tRSD 


65 


70 


80 


ns 


ki (RLCA) Dela y time > RAS low to column address valid 


tRAD 


15 30 


15 35 


15 40 


ns 


td(GLRH) Delay time, TRG low to RAS high 


*ROH 


10 


15 


15 


ns 


. Delay time, GASx low to first SC high after TRG high 
tyCLSH) (see Note 20) 


*CSD 




on 


OR 


ns 


Delay time, SC high to TRG high 
kl(SCTR) (see Notes 19 and 20) 


tTSL 


e 
O 


e 
O 


c 
O 


ns 


tdfTHRI-n Delay time, TRG high to RAS high (see Note 1 9) 


*TRD 


-10 


-10 


-10 


ns 


td(THRL) De,av time » TRG n '9 n to RAS tow ( see Note 21 ) 


*TRP 


40 


50 


60 


ns 


tdfTHSC) Delay time, TRG high to SC high (see Note 19) 




10 


10 


15 


ns 


Delay time, RAS high to last (most significant) rising 
td(RHMS) edge of SC before boundary switch during split- 
register-transfer read cycles 




15 


20 


20 


ns 


Delay time, CASx low to TRG high in real-time transfer 
KJ(CLTH) read cycles 


tQTH 


15 


15 


15 


ns 


Delay time, column address to first SC in early-load 
td(CASH) transfer read cycles 


tASD 


25 


25 


30 


ns 


Delay time, column address to TRG high in real-time 
td(CAGH) transfer read cycles 


tATH 


20 


20 


20 


ns 


kl(DCL) Delay time, data to CASx low 




0 


0 


0 


ns 


td(DGL) Delay time, data to TRG low 


tDZO 


0 


0 


0 


ns 


Delay time, last (most significant) rising edge of SC to 
*d(MSRL) RAS low before boundary switch during split-register- 
transfer read cycles 




15 


20 


20 


ns 


Delay time, last (1 27 or 255) rising edge of SC to QSF 
*d(SCQSF) switching atthe boundary during split-register-transfer 
read cycles (see Note 22) 


tSQD 


20 


25 


30 


ns 


Delay time, CASx low to QSF switching in transfer 
kJ(CLQSF) read cycles (see Note 2222) 


tCQO 


25 


30 


35 


ns 


Delay time, TRG high to QSF switching in transfer read 
kl(GHQSF) cycles (see Note 2222) 


*TQD 


20 


25 


30 


ns 


Delay time, RAS low to QSF switching in transfer read 
td(RLQSF) cydes ( See Note 2222) 


tRQD 


65 


70 


75 


ns 


trf(MA) Refresh time interval, memory 


tREF 


8 


8 


8 


ms 


tt Transition time 




3 50 


3 50 


3 50 


ns 



t Timing measurements are referenced to V||_ max and V|h min. 



NOTES: 19. Real-time load transfer read or late-load transfer read cycle only 

20. Early-load transfer read cycle only 

21. Full-register (read) transfer cycles only 

22. Switching times for QSF output are measured with a load equivalent to 1 TTL load and 30 pF, and output reference level is 
VOH/VOL*2V/0.8V. 
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PARAMETER MEASUREMENT INFORMATION 



A0-A8 




*d(DGL) 
DQ0-DQ15 Data 



Figure 24. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



-«c(W)- 



RAS 



■ *w(RL) ■ 



k" td(RLCL) "H 



- td(RLCH) ' 



■ *d(CLRH) ■ 



CASx 




*d(CHRL) 



! i 



th(RLCA) - 



- *w(CL) - 



!J_^J j*~tw(RH)-*j 
*d(CHRL) — H 




*h(RA) k- 
td(RLCA) | 



*f tsu(CA) 



A0-A8 



0 Row r 



t«u(RA) -*| ^ ! k 




■ td(CACH) ' 

U ►l-th(CLCA) 

- 1 1 *d(CARH) 



■ «w(CH) * 



i Column i 




DSF 



th(RSF) 

th(SFR) -W N~ I | ft— *f-*h(SFC) 



i i 
i i 



wu(trg)-w r*r i 1 




I I 



TRQ 

tsu(WMR) 



II 

i 1 L_ 




-I— th(RLW) " 



- *su(WCH) - 
- *su(WRH) 




th(CLW) • 



th(RWM) h-W M- | I k 

' ' ' I *wt *t H" *«u(WCL) 

wi OOOOOC i wOOOvl^+l *w(WL) 



tsu(DQR)-H kj- 

*h(RDQ) +T.U- 

• k — 



DQO-DQ15 



G 2 



Uf *su(DCL) 
^ t h (CLD) ' 



■ *h(RLD) " 



Figure 25. Early-Write-Cycle Timing 
Table 6. Early-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 

H tyw)- 



RAS 



CASx 



A0-A8 




*su(RA) 



DSF 



| th(RSF) , , 

tsu(SFR) ->| -» k+ ^(SFC) 

th(SFR)H>l |4- | I W M-thCSFC) 

I I I i i ! I 



TRQ 



WE 




tsu(DQR)->| r*f ' I I U 

I ->| k" *h(RDQ) I | 



- th(WLD) 



DQ0-DQ15 




th(RLD) * 



\ 



G 2 



Figure 26. Late-Write-Cycle Timing (Output-Enable-Controlled Write) 
Table 7. Late-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 



*c(W)' 



RAS 



-tw(RL)- 



kf tyCHRL) 



■ tyRLCH) ' 



-td(CLRH)' 



! 



■ tw(RH) -*| 




-H k-tt 

td(CHRL) 




. ! I -H kf t8 U( SFC) 

k4 t, u(S FR) I | 

I k— t h(RS F) — M 

th(SFR) k~ | I >{- t h(SFC) 



DSF 



TRG 



-rH (<- *h(TRG) I 
*su(TRG) ~H l^f | ! ' 



tsu(WMR) 



th(RWM) 



mi 



j. 





k44- 



, ! ! 
■f-rt" 



■ t*u(WCH) — 
*su(WRH) " 



! ! k 



- th(RLW) ' 



WE 



DQ0-DQ15 



tsu(WCL) 



th(CLW) ■ 



II 



■ tw(WL) ' 



n— 

N+ tsu(DCL) 

M th(CLD) " 



- th(RLD) ■ 



Write Maskt 



t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 27. Load-Wrlte-Mask-Reglster-Cycle Timing (Early- Write Load) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CASx 



A0-A8 



DSF 



TRG 



WE 




t8u(DWL)-[>j f«[ 

I I L 



th(WLD) ■ 



DQ0-DQ15 



th(RLD) 



Write Maskt 



t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 28. Load-Write-Mask-Register-Cycle Timing (Late-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 



A0-A8 



DQ0-DQ15 




ta(G) >l 



tdls(G) 



Figure 29. Read-Write-/Read-Modify-Write-Cycle Timing 
Table 8. Read-Write-/Read-Modify-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CASx 



tsu(RA) ">| 



A0-A8 



DSF 



TRG 



WE 



DQO- 
DQ15 




- *d(DCL) 



t Access time is t a (cp) or t a (CA) dependent. 

* Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long a s the writ e and read-modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CASx to select the desired write 
mode (normal, block write, etc.). 



Figure 30. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

lw(RL)P 



RA§ 



I 



f*+ »d(CHRL) 



*«u(RA)->j (+■ 

I I 



A0- 
A8 



DSP 



- td(RLCH) " 



■ td(RLCL) ' 



tc(P)- 



«w(CL) 



• *w(CH) ' 



• td(RLCA) — 
tsu(CA) - 



»! > — f ► ! 



i 



I I 
tw(RH)j-t«-*| 

td(CLRH) — ►] I 

K- t(J(CHRL) ~>l 



T 



■ th(RA) ■ 



*h(RLCA) — t 



Row 



|4- ^8u(SFR) 




I I 



th(CLCA) | | 

«d(CACH) — 
r- td(CARH) 



L 



Column 



Column 



- th(SFR) ■ 



- td(RSF) 



L_L 



tsu(SFC) 44 



I I 



th(SFC) 




I 



T 



th(SFC) 



j*j tsufTRG) 
| p~ th(TRG) - 




->+— tsu(SFC) 




I I 



TR5< 



WE 



1 I 

->| kjtsu(WMR) 
| «-th(RWM)">) 



See Note A 



tsu(WCH) ■» 



*su(WCH) -P 




- *w(WL) ■ 

I I 
-M 



ft- *su(WRH) ' 



I ! t su(DCL ) t \4 I ►] p *h(CLD) T " 



I 



' *h(RDQ) " 



L 



• *h(RLD) • 



th(WLD) T - 



DQO- 
DQ15 



t Referenced to the first falling edge of CASx or the falling edge of WE, whichever occurs later 

NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRG must re main h igh throughout the entire page-mode operation if the late-write 
feature i s used . If the early-write-cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling 
edge of RAS. 

Figure 31 . Enhanced-Page-Mode Write-Cycle Timing 
Table 9. Enhanced Page-Mode Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load write-mask register on either the first falling edge of 
CASx or the falling edge of WE, whichever occurs later.* 


H 


L 


H 


Don't care 


Write mask 



* Load-write-mask-register cycle sets the device to the persistent write-per-bit mode. Column address at the falling edge of CASx is a don't care 
during this cycle. 
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RAS 



CASx 



A0-A8 



DSF 



PARAMETER MEASUREMENT INFORMATION 

«w(RL)P 



-H |*Md(CHRL) 



— Jd(RLCH) - 
~+r *d(RLCL) 



" tc(RDWP) T 

I 



! Ml 



I i 

W-tsu(RA) 

US! 



*h(RA) 

-*+- «d(RLCA) 

j«f>u(CA) 



*w(CL) • 



li 



— *d(CLRH) 
jtw(CH) td(CHRL) 



•w(RH) 



*h(RLCA) " 



5PF 



-*h *h(CLCA) I 



—l — r 
td(CACH) 



td(CARH) ■ 



Column 



Column 



- th(SFR) 



j*[t,u<SFR) | |« N-th(SFC)U 

i i I - H HtWsfct I 'I* 



T 




|« *j- *h(SFC) 



TRG 



WE 




DQ0-DQ15 

^ V — f^^^fj | t rf^f* . ^ 

k- j | x Valid Out 
-^k- t a (C) T 

t Output can go from high-impedance to an invalid data state prior to the specified access time. 

NOTE A: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
Figure 32. Enhanced Page-Mode Read-Modify-Write-Cycle Timing 
Table 10. Enhanced Page-Mode Read-Modify- Wrlte-Cycle State Table 



td(DGL) 
U-ta(R)t 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write-mask register on_either the first falling edge of 
CASx or the falling edge of WE, whichever occurs latent 


H 


L 


H 


Don't care 


Write mask 



Load-write-mask-register cycle sets the device to the persistent write-per-bit mode. Column address at the falling edge of CASx is a don't care 
during this cycle. 
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A0-A8 




Figure 33. Load-Color-Register-Cycle Timing (Early-Write Load) 
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A0-A8 



tsu(SFR)-*l f*r | f* ►pth(SFC) 

*h(SFR) K" ^tMSFC) 



I I 






DSF 



TRG 



tsufTRG) 



I 



■ th(CLW) 



td(GHD) - 



tgu(WRH) M ► 



WE 




, I* 
►I Wft8u(WMR) 

I I 

J 



-th(RLW)- 



■ tgu(WCH) ■ 



* th(WLG) ' 



I 



■ *w(WL) " 



f*} Asu(DWL) 



DQO- 
DQ15 




4 *h(RLD) " 



• *h(WLD) • 



Valid Color Input 



Figure 34. Load-Color-Register-Cycle Timing (Late-Write Load) 
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RAS 



It 



tw(RL); 



tc(W)- 



t t -*J k- 

*d(RLCL) _ 



- td(RLCH) " 



-*i 



CASx 



ft 



td(CHRL) 



*d(RLCA) pjj 

td(RLCA)[-^ 
tsu(RA) "*l W" 



— tyCLRH)' 
' «w(CL) 



*w(RH) H > 

k-t t l 



I |*4-td(CHRL)->l 



*w(CH) 



th(RLCA) 

-»Ul I 



— tyCARH) ■ 
td(CACH) — 



^ A) tiir - »!. 'r>fefe } h(cLcA > 



A0-A8 




I I 



Row •> 



*su(SFR) f*f 



*h(SFR) 



DSF 



*d(RSF) ►( 

i " 




Block Address 
A2-A8 



JJ u_ -*| W-*su(SFC) 

"ft r i « j t 



*8U(TRG) 



1J_ j*- th(TRG)l 



I (♦— »r«h(SFC) 



I I 
I I 
I I 
I I 



1 1 




TRQ 



th(RWM) 
tsu(WMR) "*! 



I I 
I I 

n 
i 




!*rt 



1 1 r 



tsu(WCL) 



*eu(WCH) - 
tsu(WRH) 



WE 




1 — | — i th(RLW) • 



- th(CLW) • 



" *w(WL) - 



tsu(DQR)-H kf 
th(RDQ) 



44 



th(RLD) - 



Uy *«u(DCL) 
N th(CLD) " 



-*l 



DQ0-DQ15 



« 2 i> 



Figure 35. Block-Write-Cycle Timing (Early Write) 
Table 11. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Donl care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1:1/0 write enable 

Column-mask data DQi - DQi+3 
(UO, 4, 8,12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 ■ 0, AO ■ 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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RAS 



ft 



' t w (RL) ■ 



tc(W)" 



td(CHRL) 



CASx 



■ td(RLCH) ■ 



" td(CLRH) " 



. r~tw(RH)>| 



1 1 



td(RLCA) J-U ^ 



- *w(CL) " 



j j* *h(RLCA) 

th(RA) "t^t \4- . K ' 



- td(CACH) " 



w-j— td( C i 



HRL) * 



H — td(CARH) ' 



I J 



*w(CH) * 



tsu(RA) 



+| j*J t 8u (CA) 

| « »j th(CLCA) 



T->| 



A0-A8 



DSF 



TRG 




I r th ( RSF > 
tsu(SFR)+j -» 

*h(SFR)-W ft- | 



Block Address 
Ht t 8u(SFC) A 2 -^ 8 




N *j~ ^(SFC) 



I 




-p *d(GHD) " 



- th(CLW) ' 



-I L 



+11 



•tsu(WCH) M 



th(RLW) 
l« 



-*j |4f *su(WMR) i , 
+| K" th(RWM) I f 



- *su(WRH) ■ 

— th(WLG) 



WE 



.. n> — 

-^MDQR) ^|<lUu ( DWL) 

|<- t h (RDQ) | j U 

1 1^ | | th(RLD) 



tw(WL) ■ 



*h(WLD) ' 



DQ0-DQ15 



C» 2 



Figure 36. Block-Write-Cycle Timing (Late Write) 
Table 1 2. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data DQi - DQi+3 
(i = 0, 4, 8, 12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 ■ 0, AO ■ 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 ■ 1, AO = 1) 
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RAS 



CASx 



PARAMETER MEASUREMENT INFORMATION 

— — *w(RL)P ; — 



- *d(RLCH) ' 



td(CHRL) 



- td(RLCL) 




th(RA) 



i I 



*d(RLCA) 
tsu(CA) 

— — H 



td(CLRH) 

*d(CHRL) U" 

I 



tw(RH) 



A0-A8 



Row 



- *h(RLCA) h 



K- td(CACH) -*j 
th(CLCA) || 



th(SFR) -T-j<- 




i I 



i » 



k| *»u(SFR) 



DSF 



TRG 



|>j N-th(TRG) 
l^-fH- *8u(TRG) 



Block Address 
A2-A8 

tt — — r 

I |*— t h (SFC) - 
tsu(SFC) | 

M h 



JJL 



I 

■ *d(CARH) ' 



*h(RWM) | 



TT 

I I 

N4 ts U (WMR) 

II 

J-V- 



I I 



JJL 



I 



Block Address 
A2-A8 

i r 

N— th(SFC) 
tsu(SFC) 




See Note A 



LU- 



LL] 



WE 



T~l + 

I I tsu(DWL) T 
-H l*t *su(DQR) 



I 



I 



tsu(WCH) 
«w(WL) 



-J 



t©u(WCH) 

I 



-*f— *su(WRH) 



I 



f+ *h(RDQ) ■ 

N — 



111 

Li 



th(RLD) " 



t 

N *h(CLD)^ - 

*h(WLD) t ~ 

tsu(DCL) t 



DQO- 
DQ15 

t Referenced to the first falling edge of CAS x or th e falling edge of WE, whichever occurs later 

NOTE A: To assure page-mode cycle time, TRG must rem ain hi gh throughout the entire page-mode operation if the late-write feature is used. 
If the eaiiy-write cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from tne falling edge of RAS. 

Figure 37. Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 13. Enhanced-Page-Mode Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data DQi - DQi+3 
0 = 0,4,8,12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 * 0, AO - 0) 
DQ1 — column 1 (address A1 = 0, AO ■ 1) 
DQ2 — column 2 (address A1 = 1 , AO ■ 0) 
DQ3 — column 3 (address A1 ■ 1 , AO ■ 1) 
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K- 



RAS 



" t w (RL) " 



-tc(rd)- 



td(CHRL)-4* j 



tw(RH) — 



CASx 



A0-A8 



DSF 



TRG 




TT 



*d(RHCL) | |« ►] ->j |*- *d(CHRL) 
|«- 1 1 



«.u(RA)-i4— J 




Row 



! I 




*8U(TRG) " 



^ ^| *h(TRG) 



WE 



DQO- 
DQ15 



Figure 38. RAS-Only Refresh-Cycle Timing 
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RAS 



CASx 



A0-A8 



DSF 



TRG 



WE 



PARAMETER MEASUREMENT INFORMATION 



K- 



• *w(RH) ■ 



tc(rd)- 



- *w(RL) " 



/ M 

k M— <d(RHCL) j | 

td(CLRL) -M ■ »| U—tdpLCH)— M 

w v 

N «d(CHRL) W j 



—►I 

-w ! 



if 



tsu(RA)~+4- *j N— t h (RA) 



IT 




tsu(SFR) -N W W ►! — *h(SFR) 





tsu(WMR) — H -H H M" 




th(RWM) 




DQ0-DQ15 



Figure 39. CBR-Refresh-Cycle Timing 
Table 14. CBR-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop point set and no reset 


Stop address 


H 


L 



5-126 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS55160 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 60D - AUGUST 1 992 - REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 

|4- Memory Read Cycle >|4 — Refresh Cycle ►j^ — Refresh Cycle - 

tc(rd)- 



RAS 



CASx 



A0-A8 



DSF 



TRG 



WE 



DQO- 
DQ15 




Figure 40. Hidden-Refresh-Cycle Timing 
Table 15. Hidden-Refresh-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Dontcare 


L 


H 


CBR refresh with no reset 


Dontcare 


H 


H 


CBR refresh with stop point set and no option reset 


Stop address 


H 


L 
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■ «CCTRD) 



RAS 



x P« td(RLCL) i / v 

N | /k— mrh, — *\ 

, U Li/di ru\ h -J fcl 



- tw(RL) " 



Utnuot x „ J * *d(RLCH)1 \ 

td(CHRL)1« lA-Lt^-ui-J 



I | j4-4- td (C ARH)" ! 



CAS* I |#-td(RLCA)— ' ^(CL) — 

| N-th(RA)^ -hJ ^- t 8u(CA ) 
tsu(RA) ^l^^jj^-^ 



A0-A8 




r td(CLSH) n 
# ' I l<— J-MSCL) 
td(RLSH) — H 



- *a(SQ) -jfrj I | MSC)- 



O'dData ^ 

i 



SQ Old Data Of' Old Data 00 New Data 

T 

— td(GHQSF) • 



QSF X 1 Tap Point Bit A7 



H ^" td(CLQSF) 

SE U- td(RLQSF) — 



L 



NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each 
data register are written into from the 256 corresponding columns of the selected row. \ 

B. Once data is transferred into the data registers, the SAM is in the seria l read mode (i.e., the SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit read from the data register after TRQ has gone high must be activated by a positive transition 
of SC. 

C. AO -A7: register tap point; A8: identifies the half of the transferred row 

D. Early-load operation is defined as th(TRG) min < th(TRG) < td(RLTH) min - 

Figure 41. Full-Register-Transfer Read Timing, Early-Load Operations 
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" tc(TRD) ' 



A0-A8 



DSF 



TRG 




WE 



DQ0-DQ15 



SC 



SQ 



QSF 
Si 

NOTES: A. Random-mode (DQ) outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each 
data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e. , the SQ is enabled) , allowing data to be shifted 
out of the registers. Also, the first bit read from the data register after TRG has gone high must be activated by a positive transition 
of SC. 

C. AO- A7: register tap point; A8: identifies the half of the transferred row 

D. Late-load operation is defined as tdfTHRH) < 0 ns. 

Figure 42. Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 
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RAS 



GASx 



A0-A8 




t8U(TRG) rSt 

trg <xxxxv I ! 



*h(TRG) 



-Ol f«- th(SFR) 

«8U(SFR) ~>\ 



DSF 

WE 
DQ0-DQ15 



■j>j j<-th(RWM) 
tsu(WMR) ~H f*-| 





td(MSRL) -j* 



• Hl-Z - 



- tc(SC) - 



kl(RHMS) ">| 



*w(SCH)-H ►! 



SC 



SQ 



QSF 



yfBlt^/X^MSCL)-^/ Jap \ 
/ or 255 \ y I Point M Y 



4U 



f ►|" t a(SQ) 

H | *h(SHSQ) 



Bit 126 or 
Bit 254 



X 



Bit 127 or 
Bit 255 



«a(SQ) ta(SQ)-N 

-is 1 

Tap Point M 



■>h td(SCQSF) 



Old MSB 



td(SCQSF) — 
-tt 



4V- 




SE 



NOTE A: AO- A6: tap point of the given half; A7: don't care; A8: identifies the DRAM row half 

Figure 43. Split-Register-Transfer Read Timing 
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TRG 
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t.u(TRG) ^ „ M W — th(TRG) 



SC 



SE 




J« tc (S C) ►[ 

«c(SC) ►[ |« *j— «w(SCH) 

|* t w (SCH) I 

— tw(SCH) | j . 

! , , I W-t w( sCL)-W I 

JTZ^^M ^ 'A V 

r-i** k-t-^ 

-* |4T-th(SHSQ) t h (SHSQ)H4— | t h(S HSQ) frl | 




SQ 66666O0Ct Valid Out iYi Valid Qut iYi Valid Out 



j Xl Vfl " d0ut ix i 



^(SE) 



NOTE A: While the data is being read through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data transfer operation. 

Figure 44. Serial-Read Timing (SE = V| L ) 
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RAS 



TRG 



SC 



SQ 



SE 



*8u(TRG) — fr| 




-M— th(TRG) 



" tc(SC) • 



I 

*w(SCH) — 14 



" *c(SC) ' 



*w(SCH) 



I I . . I !4-tw(SCL)-W 

A— sr^i/ , ^ m ^ 



tw(SCH) 



\i — Wsq) 

th(SHSQ) 



■ ta(SQ) 

->j J*-ta(SE) 



- tySQ) 



Valid Out 



Valid Out 7 ^- 



I 

H W td| 8 (SE) 



Valid Out 



I * W I th(SHSQ) 



Valid Out 



NOTE A: While the data is being read through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data transfer operation. 

Figure 45. Serial-Read Timing (SE-Controlled Read) 
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CASE I 



CASE II 



CASE III 



SC 



QSF 



Full-Register-Transfer Read 




Tap1 ''Bit , Tapl 

(low) 127 ; (high) 



Split Register to the 
High Half of the 
Data Register 



Tap1~' Bit iTapl ,r 
(low) 1271 (high) 



■Vr 



Split Register to the 
Low Half of the 
Data Register 



Bit Tap2 
255 (low) 



127 



Spilt Register to the 
High Half of the 
Data Register 



NOTES: A. In order to achieve proper split-register operation, a full-register-transfer read should be performed before the first 
split-register-transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then 
begin either after the full-register-transfer-read cycle (CASE I), during the first split-register-transfer cycle (CASE II), or even after 
the first split-register-transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register-transfer-read 
cycle and the first split-register cycle. 

B. Asplit-register-transfer into the inactive half is not allowed until t^^MSRL)' lsme ti^^ 

edge of the serial clock of the last bit (bit 1 27 or 255) and the failing ecfge of RAS of the split-register-transfer cycle into the inactive 
half. After the td(MSRL) requirement is met, the split-register-transfer into th e inact ive half must also satisfy the minimum t<j(RHMS) 
requirement. td(RHMS) k tne minimum delay time between the rising edge of RAS of the split-register-transfer cycle into the inactive 
half and the rising edge of the serial clock of the last bit (bit 1 27 or 255). 

Figure 46. Split-Register Operating Sequence 
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device symbolization 




Speed (-60, -70, -80) 
Package Code 



Lot Traceablllty Code 
Date Code 
Assembly Site Code 

- Die Revision Code 

— Wafer Fab Code 
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This data sheet is applicable to all TMS55165S 
symbolized with Revision "C and subsequent 
revisions as described on page 5-189. 

• Organization: 

- DRAM : 262144 Words x 16 Bits 

- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast Area 
Fill Operations; As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Bit On-Chip Color Register 

• Write-Per-Bit Feature for Selective Write to 
Each RAM I/O; Two Write-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (WEL, WEU) Provides 
Flexibility 

• Enhanced Page-Mode Operation for Faster 
Acce ss 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 

• Split-Register Transfer Read for Simplified 
Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Texas Instruments EPIC™ CMOS Process 

• Designed to Work With the 
Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 



DGH PACKAGE 
(TOP VIEW) 




PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CAS 


Column-Address Strobe 


DQ0-DQ15 


DRAM Data I/O, Write Mask Data 


DSF 


Special Function Select 


NC/GND 


No Connect/ Ground (Important: Not 




connected internally to Vss) 


QSF 


Special Function Output 


RAS 


Row-Address Strobe 


SC 


Serial Clock 


SE 


Serial Enable 


SQ0-SQ15 


Serial Data Output 


TRG 


Output Enable, Transfer Select 


vcc 


5-V Supply (TYP) 




Ground 


WEL, WEU 


DRAM Byte-Write Enable Selects 



ACCESS TIME 


ACCESS TIME 


DRAM 


DRAM 


SERIAL 


OPERATING CURRENT 


OPERATING CURRENT 


ROW ENABLE 


SERIAL DATA 


CYCLE TIME 


PAGE MODE 


CYCLE TIME 


SERIAL PORT STANDBY 


SERIAL PORT ACTIVE 


ta(R) 


ta(SQ) 


tcfW) 


*C(P) 


*C(SC) 


•CC1 


■CC1A 


(MAX) 


(MAX) 


(MIN) 


(MIN) 


(MIN) 


(MAX) 


(MAX) 


60 ns 


15 ns 


110 ns 


35 ns 


18 ns 


180 mA 


225 mA 


70 ns 


20 ns 


130 ns 


40 ns 


22 ns 


165 mA 


205 mA 


80 ns 


25 ns 


150 ns 


45 ns 


30 ns 


150mA 


185mA 



TMS551 65-60 
TMS551 65-70 
TMS551 65-80 
EPIC is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is currant m of publication date. 
Products conform to specifications par ths terms of Texas Instalments 
standard warranty. Production processing doss not necessarily Include 
tasting of all parameters. 
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description 

The TMS55165 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 1 44 words of 1 6 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The TMS551 65 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS551 65 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55165 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 1 6 bits of data (present 
in an on-chip color data register) to be written to any combination of fou r adjacent column address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55165 also offers byte control. Byte control can be applied in write 
cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. 

The TMS55165 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, Is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55165 are compatible with Series 74 TTL All address lines 
and data-in lines are latched on chip to simplify system design. All data-outs are unlatched to allow greater 
system flexibility. 

The TMS55165 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55165 is offered in a 64-pin small-outline gull-wing-leaded package (DGH suffix) for direct surface 
mounting. 

The TMS551 65 and other Tl multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 
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functional block diagram (continued) 
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Table 1. Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15T 


NINE 
CODE 


CAS 


TRQ 


WEx* 


DSF 


DSF 


RAS 


CAS§ 


RAS 


WEL 
WEU 
CAS 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 




CBR refresh (no reset) and stop point 
set' 


L 


X 


L 


H 


X 


Stop 
Point* 


X 


X 


X 


CBRS 


CBR refresh (option reset) 1 1 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


x 


H 


H 


X 


x 


x 


x 


X 


CBRN 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


x 


Valid 
Data 


RW 


DRAM write 

(nonpersistent wr'rte-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM write 
(persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load wr'rte-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X = Dont care 

Col Mask * H: Write to address/column enabled 

Write Mask = H: Write to I/O enabled 

t DQ0-DQ1 5 are latched on either the fi rst fa lling edge o f WEx or the falling edge of CAS, whichever occurs later. 

* Logic L is selected when either or both WEL and WEU are low. 

§ The column address and block address are latched on the falling edge of CAS. 
' CBRS cycle should be performed immediately after the power-up initialization cycle. 

* A0-A3, A8: don't care; A4-A7: stop-point code 

li CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
A CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□ Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


SAM 


A0-A8 

V/AO 


Row, column address 

Column-address strobe, DQ output enable 




Row address, tap point 
lop-aaaress siroo© 




UU 


ukam aaia i/u, write masK 








DSF 


Block-write enable 
Write-mask-register load enable 
Color-register load enable 
CBR (option reset) 








RAS 


Row-address strobe 




Row-address strobe 




SE 








SQ output enable, 
QSF output enable 


SC 








Serial clock 


SQ 








Serial-data output 


TRG 


DQ output enable 




Transfer enable 




WEL 
WEU 


Write enable, Write-per-bit enable 








QSF 








Serial-register status 


NC/GND 


Make no external connection or tie to system GND 








v C c T 
v S s T 


5-V supply 
Ground 







t For proper device operation, all Vqc P' ns must 06 connected to a 5-V supply, and all V$$ pins must be tied to ground. 



pin definitions 
address (A0-A8) 

Eighteen address bits are required to decode one of 262 1 44 storage ceil io cations. Nine row-address bits are 
set up on pins A0-A8 and latched onto the chip on the failing e dge o f RAS. Nine column-address bits are set 
up on pins A0-A8 and la tched onto the chip on t he fail ing edge of CAS. All addresses must be stable on or before 
the falling edge of RAS and the falling edge of CAS. 

During the full-register-transfer read operation, the states of A0-A8 are latch ed on the falling edge of RAS to 
select one of the 51 2 rows where the transfer occurs. At the falling edge of CAS, the column-address bits A0-A8 
are latched. The most significant column-address bit (A8) selects which half of the row is transferred to the SAM. 
The appropriate 8-bit column address (A0-A7) selects one of 256 tap points (starting positions) for the serial 
data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CAS. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (A8) selects the 
DRAM half row. The remaining seven address bits (A0-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 1 27 and 255 are not valid tap points. 

row-address strobe (RAS) 

RAS i s sim ilar to a chip enable, so that all DRAM cycles and transfer c ycles are init i ated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto 
the chip to invoke DRAM and transfer functions of the TMS551 65. 
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column-address strobe (CAS) 

CAS is a control input that l atche s the states of the column address and DSF to control DRAM and transfer 
functions of the TMS55165. CAS also acts as output enable for the DRAM output pins DQ0-DQ15. 

In transfer operations, address bits A0-A8 are latched at the falling edge of CAS as the start position (tap) for 
the serial data output (SQ0-SQ15). 

output enable/transfer select (TRG) 

The TR G pin selects either DRAM or transfer opera tion as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM o peratio n, TRG functions as an ou tput e nable for the DRAM output pins 
DQ0-DQ1 5. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WEL, WEU) 

In DRAM operation, WEL enables data to be written to the lo wer by te ( DQ0- DQ7) and WEU enables data to 
be written to the upper byte (DQ8-DQ1 5) of t he DR AM . Both WEL and WEU have to be held high together to 
select the read mode. Bringing either or both WEL and WEU low selects the write mode. 

WEL and WEU are also used to selec t the D RAM write-per-bit mode of operation. If either or both WEL and WEU 
are brought low on the falling edge of RAS, the write-per-bit operation is invoked. The TMS551 65 supports both 
the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (DSF) 

The DSF input is latched on the falling edge of RAS or CAS, similar to an address. DSF determines which of 
the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 

• CBR refresh with no reset (CBRN) 

• CBR refresh with no reset and stop point set (CBRS) 

• Block write 

• Loading write-mask register for the persistent write-per-bit mode (LMR) 

• Loading color register for the block-write mode 

• Split-register-transfer read 

DRAM data I/O, write mask data (DQ0-DQ15) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DO output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 74 TTL load. Da ta out is the s ame polarity 
as data in. The outputs are in the high-imped ance (floa ting) s tate as long as either TRG or CAS is held high. 
Data is not appear at the outputs until after both CAS and TRG have been brought low. The write mask is latched 
into the device via the random DQ pins by the falling edge of RAS and is used on all write-per-bit cycles. In a 
transfer operation, the DQ outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQ0-SQ1 5) 

Serial data is read from the SQ pins. The SQ output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS55165 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency. 
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serial enable (SE) 

During serial access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. Thus, external SC pulses increment the 
internal serial address counter regardless of the state of SE. This ungated serial clock scheme minimizes 
access time of serial output from SE low because the serial clock input buffer and the serial address counter 
are not disabled by SE. 

special function output (QSF) 

QSF is an output pin that indicates which half of the SAM is being accessed. When QSF is low, the serial address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When QSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. QSF changes state upon crossing a 
boundary between the two SAM halves. 

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. 

The QSF output is enabled by SE. If SE is high, the QSF output is in the high-impedance state, 
no connect/ground (NC/GND) 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 
random access operation 



Table 3. DRAM Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 


CAS 


TRG 


WEx* 


DSF 


DSF 


RAS 


CAS§ 


RAS 


WEL 
WEU 
CAS 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 


— 


fiRR rafraQh (no roQotl anri ctnn-nnint 

set 11 


L 


X 


L 


H 


X 


Stop 

Drtinttf 


X 


X 


X 


CBRS 


CBR refresh (option reset) II 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM write 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM write 
(persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X ■ Don't care 

Col Mask * H: Write to address/column enabled 

Write Mask = H: Write to I/O enabled 



t DQ0-DQ15 are latched on either the fi rst fa lling edge of WEx or the falling edge of CAS, whichever occurs later. 

* Logic L is selected when either or both WEL and WEU are low. 

§ The column address and block address are latched on the falling edge of CAS. 

I CBRS cycle should be performed immediately after the power-up initialization cycle. 

* A0-A3, A8: don't care; A4-A7: stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
ACBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eli minat es the time required for row- address setup, 
row-address hold, and address multiplex. The maximum RAS low time and the minimum CAS page cycle time 
are used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55165 to operat e at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be prese nted im mediately after the row address hold time has been 
satisfied, usual ly well in advance of the falling edge of CAS. In this case, data is obtained after t a (c) max (access 
time from CAS low) if t a (CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before RAS (CBR) refresh 

CBR refreshes are accomplished by bringing CAS low earlier than RAS. The external row address is ignored, 
and the refresh row address is generated internally. Three types of CBR refresh cycles are available. The CBR 
refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. The CBRN and CBRS 
refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. The 512 rows of the 
DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh is completed within 
the required time period, trf(MA). The o utput buffers remain in the high-impedance state during the CBR refresh 
cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data 
of the DRAM read cycle remains valid while the refresh is being carried out. Like the CBR refresh, the refreshed 
row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

A RAS only refresh is accomplished by cycling RAS at every row address. Unless CAS and TRG are low, the 
output buffers r emain in the high-impedance state to conserve power. Externall y gen erated addresses must be 
supplied during RAS only refresh. Strobing each of the 51 2 row addresses with RAS causes all bits in each row 
to be refreshed. 
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byte-wrlte operation 

Byte-write operations can be applied in DRAM write cycles, block-write cycles, load-write-mask-register cycles, 
and load-color-register cycles. 

Holding either or both WEL and WEU low sel ects th e write mode. In normal write cycles, WEL enables data to 
be written to the lower byte ( DQ0- DQ7) and WEU enabl es da ta to be written to the upper byte (DQ8-DQ1 5). 
For e arly-write cy cles, one of WEx is brought low before CAS falls. The other WEx can be brought low before 
C AS fal ls or after CAS falls. The data is strobed in with data setup and hold times for DQ0-DQ15 referenced 
to CAS (see Figure 1). 



\ r 



\ Li / 



WEU 



tsu(DCL) M ►, , 



j« H *h(CLD) 



DQ0-DQ15 0000000000000000000(1 Valid Input 



t Either WEx can be brought low prior to CAS assertion to initiate an early-write cycle. 

Figure 1. Example of an Early-Write Cycle 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1 443 5-1 45 



TMS55165 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 65D - AUGUST 1 992 - REVISED JUNE 1 995 



byte-write operation (continued) 

For late-write or rea d-m odify-w rite cycles, WEL and WEU are both held high before CAS falls. After CAS falls, 
either or both WEL and WE U are b rou ght low to select the corresponding byte or bytes to be written. Data is 
strobed in by ei ther or both WEL and WEU with data setup and hold times for DQ0-DQ15 referenced to 
whichever WEx falls earlier (see Figure 2). 



RAS 



\ 



CAS 



\ 



WEL 



WEU 



tsu(DWL) 



DQ0-DQ15 



K 



\ 



*h(WLD) 



Valid Input 



Figure 2. Example of a Late-Write Cycle 
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write-per-bit 



The write-per-bit feature allows masking any c om binatio n of the 16 DQs on any write cycl e. The write-per-bit 
operation is inv oked w hen either or both WEL and WEU are held low on the falling edge of RAS. Assertion of 
either individual WEx allows entry of the entire 16-bit mask on DQ0-DQ15. Byte control of the mask input is 
not allowed. 



If both WEL and WEU are held high on the falling edge of RAS, the write operation is performed without any 
masking. The TMS551 65 offers two write-per-bit modes: the nonpersistent write-per-bit and the persistent 
write-per-bit. 

nonpersistent write-per-bit 



When either or both WEL and WEU are low on the falling edge of RAS, the write mask is reloaded. A 1 6-bit binary 
code (the write-per-bit mask) is input to the device via the random DQ pins and latched on the falling ed ge of 
RAS. The write-per-bit mask selects which of the 1 6 random l/Os are to be written and which are not. After RAS 
has latched the on- chip w rite-per-bit mask, inpu t data is driven onto the DQ pi ns and is latched on either the 
first falling edge of WEx or the falling edge of C AS, w hichever occurs later. WEL enables the lower byte 
(DQ0-DQ7) to be written through the mask, and WEU enables the upper byte (DQ8-DQ15) to be written 
through the mask. If a data low (write mask = 0) is strobed into a particular I/O pin on the falling edge of RAS, 
d ata is n ot written to that I/O. If a data high (write mask = 1 ) is strobed into a particular I/O pin on the falling edge 
of RAS, data is written to that I/O (see Figure 3). 



RAS 



CAS 



WEL 



\ 



WEU 



tau(DQR)- 



/ 



\ 



th(RDQ) I I 

, 1 1 

tsu(DWL)— r« H I 



*h(WLD) 



DQ0-DQ15 



I Write Mask I 



I Write Input I 



Figure 3. Example of a Nonpersistent Write-Per-Bit (Late-Write) Operation 
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persistent write-per-bit 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register (LMR) cycle first. 
In the persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-write -mask -register cycle is performed using DRAM write-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the falling edge of CAS. A bin ary co de is input to the wri te-ma sk register 
via the random I/O pins and latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in e xactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. When the device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 4). 




Load Wrlte-Mask Register I Persistent Wrlto-Per-BIt CBR Refresh (option reset) 



RASl 



CASI 



A0-A8' 



WEx 



DSF 



for 'ifflk m iiiiaj 




DQO- 
DQ15 




Wrlte-Mask [ Valid 

Data Input 




Mask Data « 1 : Write to I/O enabled 
* 0: Write to I/O disabled 



Figure 4. Example of a Persistent Write-Per-Bit Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as (4 columns x 4 DQs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DQs per 
column (see Figure 5). 




4 Consecutive Columns of 0-511 

Figure 5. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The DQ data is provided by four bits from the on-chip color register. 
Bits 0 -3 from the 1 6-bit write-mask register, bits 0 -3 from the 1 6-bit column-mask register, and bits 0 -3 from 
the 1 6-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8-11, and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 6). 
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block write (continued) 




Color Register 
Figure 6. Block Write With Masks 
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block write (continued) 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0-3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11, etc., as shown in Figure 7. 

Block 0 Block 1 Block 127 



One Row of 0-511 


































0 


1 


2 


3 


4 


5 


6 


7 


511 




















/ 



Figure 7. Block Columns Organization 

During block- write cycles, only the seven most significant column addresses (A2 -A8) are latched on the falling 
edge of CAS to decode one of the 128 blocks. Address bits A0-A1 are ignored. Each one-megabit quadrant 
has the same block selected. 

A block-write cycle is entered in a manner similar t o a D RA M write cycle except DSF is held high on the first 
falling edge of CAS. As in a DRAM write operation, WEL and WEU enable the corresponding lower and upper 
DRAM DQ bytes to be writte n, respectively. The c olumn -mask data is input via the DQs and is latched on either 
the first falling edge of WEx or the falling edge of CAS, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (A0-A8 from left to right) 



bit 0 bit 15 



color-data register 


= 1011 


1011 


1100 


0111 


write-mask register 


= 1110 


1111 


1111 


1011 


column-mask register 


= 1111 


0000 


0111 


1010 




1st 


2nd 


3rd 


4th 




Quad 


Quad 


Quad 


Quad 



Column-address bits AO and A1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has DQ0-DQ2 written with bits 0-2 from the color-data register (101 ) to all four columns 
of block 0. DQ3 is not written and retains its previous data due to the write-mask register bit 3 being a 0. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column mask bits 4-7 being 
0, so that no data is written. 

The third quadrant (DQ8-DQ11 ) has its four DQs written with bits 8-11 from the color-data register (1100) to 
columns 1 -3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to the 
column-mask-register bit 8 being 0. 

The fourth quadrant (DQ12-DQ15) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block 0. DQ1 3 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all 0s, the fourth quadrant would contain the data pattern shown in Figure 8 after the 
block-write operation shown in the previous example. 
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block write (continued) 




Columns 0 12 3 



Figure 8. Example of Fourth Quadrant After a Block-Write Operation 

load color register 

The load-color-register cycle is p erform ed using normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS an d CAS . The color register is loa ded from pins DQ0-DQ15, which are la tched 
on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. If only one WEx is low, 
only the corresponding byte of the color register is loaded. When the color register is loaded, it retains data until 
power is lost or until another load-color-register cycle is performed (see Figure 9 and Figure 1 0). 



| Load-Color-Register Cycle | Block-Write Cycle 1 Block-Write Cycle | 

j I (no write mask) I (load and use write mask) | 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the falling edge of CAS. 

4. Color-register data 

5. Write-mask data: DQ0-DQ1 5 are latched on the falling edge of RAS. 

6. Column-mask data: DQi-DQi+3 (j = 0, 4, 8, 1 2) are latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. 

IMMMMMMMMSTO = don't care 

Figure 9. Example of Block Writes 
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load color register (continued) 



| Load-Wrlte-Mask-Reglster Cycle | Load-Color-Register Cycle | Persistent Block-Write Cycle | 
j j | (use loaded write mask) j 




Legend: 

1 . Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the falling edge of CAS. 

4. Color-register data 

5. Write-mask data: DQ0-DQ1 5 are latched on the falling edge of CAS. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. 

«ooooooosoooooo&S%& = don't care 

Figure 10. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) In the DRAM arr ay is s elected 
to be tr ansfer red to the 256-bit serial-dat a reg ister. The transfer operation is invoked by bringing TRG lo w and 
holding WEx high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 



Table 4. SAM Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15 


MNE 
CODE 


CAS 


TRG 


WExt 


DSF 


DSF 


RAS 


CAS 


RAS 


CAS 
WEx 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 



t Logic L is selected when either or both WEL and WEU are low. 
X = don't care 
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full-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and la tched at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the 
falling edge of RAS to select one of th e 512 rows available for the transfer. The nine column-address bits 
(AO - A8) are latched at the falling edge of CAS, where address bit A8 selects which half of the row is transferred. 
Address bits A0-A7 select one of the SAM's 256 available tap points from which the serial data is read out 
(see Figure 11). 

A8 ■ 0 A8 = 1 

0 255 256 511 



512x512 
Memory Array 



256-Bit 

I ' Data Register 

0 255 

Figure 11. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 12). 



Early Load Real-Time Load Late Load 




Figure 12. Example of Full-Register-Transfer Read Operations 
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spllt-reglstertransfer read 

In the split-register-transfer read operation, the serial data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 128-255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



Figure 13. Split-Register-Transfer Read 

To invoke a split-r egiste r-transfer read cycle, DSF is brought high, TRG is brought low, and both are la tched at 
the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the failing edge of RAS to select 
one of the 51 2 rows avai lable for the transfer. Eight of the nine column-address bits (AO - A6 and A8) are latched 
at the falling edge of CAS. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits A0-A6 select one of the 1 27 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half. 



p^~\ ^FullXFER y \ ^SplitXFERy / \ ^Spllt XFER ^/ Ny SplltXFER ^/ 



A8 = 0 



DRAM 
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SAM 




A8 = 1 



A8 = 1 



511 0 




A7s0t 


511 0 






A7 


= 1 




A 


B 


C 
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B 


C 


D 








/ 

4- 












/ 
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-4 












-I 





P f 2 55 



SQ 



A8 = 0 
0 A7 s Ot 



511 



A 


B 


C 


D 


E 








\ 








-V 









of 255 

> SQ 

tA7 shown is internally controlled. 

Figure 14. Example of a Split-Register-Transfer Read Operation 



o \ 255 

EDO 

*• so 



A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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split-reglster-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial access operation. When QSF is low, 
the serial-address pointer is accessing the lower (least significant) 1 28 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most significant) 1 28 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 



RAS 



Full-Register-Transfer Read 
With Tap Point N 



Split-Register 
Transfer Read 



CAS 



TRG 



DSF 



SC 



QSF 



A. 



y 



*d(CLQSF) - 



■\ y 



y~v 



*d(GHQSF) 



Tap 
Point N 



Figure 15. Example of a Spllt-Reglster-Transfer Read After a Full-Register-Transfer Read 



RAS 
CAS 
TRG 
DSF 



Split-Register 
Transfer Read 
With Tap Point N 

\ ■ / 



r 



Split-Register 
Transfer Read 



a r 

r 



td(RHMS) 1 l« »««(MSRL) 




QSF 



Figure 16. Example of Successive Split-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 17. 



0 12 



Tap — ► • • • | 254 | 255 | 



Figure 17. Serial Pointer Direction for Serial Read 



For split-register operation, serial data can be read out from the active half of the SAM by clocking SC starting 
at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer proceeds sequentially 
to the most significant bit of the half, bit 1 27 or bit 255. If there is a split-register-transfer read to the inactive half 
during this period, the serial pointer points next to the tap point location loaded by that split-register-transfer 
(see Figure 18). 



Figure 18. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
the least significant bit of the inactive half, bit 1 28 or bit 0 (see Figure 19). 



Figure 19. Serial Pointer for Split-Register Read - Case II 



split-register programmable stop point 

The TMS551 65 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4- A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 20). 



127 128 



255 



Partition^ 
Length 



_ Stop 
Points 



Figure 20. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Sto p-poin t mode is not active until the CBRS cycle is initia ted. The CBRS oper ation is performed by holding CAS 
and WEx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 



Table 5. Programming Code for Stop-Point Mode 



MAXIMUM 
PARTITION 
LENGTH 


ADDRESS AT RAS IN CBRS CYCLE 


NUMBER OF 
PARTITIONS 


STOP-POINT LOCATIONS 


A8 


A7 


A6 


A5 


A4 


AO- A3 


16 


x 


L 


L 


L 


L 


X 


1 6 


15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 
191,207,223,239,255 


32 


X 


L 


L 


L 


H 


X 


8 


31, 63, 95, 127, 159, 191, 223, 255 


64 


X 


L 


L 


H 


H 


X 


4 


63,127,191,255 


128 
(default) 


X 


L 


H 


H 


H 


X 


2 


127,255 



In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 21). 



RAS 



— y Full / V Spilt / V Split / V Spilt /— 

\ReadXFER/ VteadXFER/ \ReadXFER/ VleadXFER/ 



Tap* HI 



SC 



Tap = L1 

H1 

y\z\_. ... 



Tap = H2 



Tap = L2 



191 L1 



63 H2 



255 L2 



SAM Low Half 
L1 63 



L2 127 128 



SAM High Half 
H1 191 



H2 255 



Figure 21. Example of Split-Register Operation with Programmable Stop Points 
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256-/51 2-bit compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active, In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AY8 are internally swapped to assure the compatibility (see Figure 22). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit AY8 is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset (CBR) 
cycle is not recommended because this ends the stop-point mode and restores address bits AY7 and AY8 to 
their normal function. Consistent use of CBR cycles ensures that the TMS551 65 remains in normal mode. 



NON STOP-POINT MODE 
AY8 x 0 AY8 s 1 

AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 




STOP-POINT MODE 
AY8*0 AY8-1 
AY7 = 0 AY7*1 AY7.0 AY7«1 



512x512 
Memory Array 



256-Bit 
Data Register 



255 




512x512 
Memory Array 



256-Bit 
Data Register 



Figure 22. DRAM-to-SAM Mapping, Non Stop-Point Versus Stop Point 

IMPORTANT: For proper device operation in a split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 



power up 



To achi eve pr oper device operation, an initial pause of 200 \xs is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS551 65 is as follows: 





STATE AFTER INITIALIZATION 


QSF 

Write mode 
Write-mask register 
Color register 
Serial-register tap point 
SAM port 


Defined by the transfer cycle during initialization 

Nonpersistent mode 

Undefined 

Undefined 

Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Supply voltage range, Vcc (see Note 1) .... — ..... -1 V to 7 V 

Voltage range on any pin - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1.1 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg - 65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to V$$. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


Vss Supply voltage 


0 


V 


V|h High-level input voltage 


2.4 6.5 


V 


Vjl Low-level input voltage (see Note 2) 


-1 0.8 


V 


T"a Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SAM 
PORT 


'55165-60 


'55165-70 


'55165-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level output 
OH voltage 


Iqh =~ 1 mA 




2.4 


2.4 


2.4 


V 


y Low-level output 
0L voltage 


lOL - .2 mA 




0.4 


A A 
0.4 


A A 
0.4 


V 


1 1 Input current (leakage) 


vcc-s.sv, 

V|:=0Vto5.8V, 

All other pins at 0 V to Vrjc 




±10 


±10 


±10 


HA 


. Output current 
w (leakage) 


Vqc s 5.5 V, Vq = 0 V to Vcc 
See Note 3 




±10 


±10 


±10 


MA 


ICC1 Operating current § 


See Note 4 


Standby 


180 


165 


150 


mA 


'CC1 A Operating current § 


tc(SC) = M,N 


Active 


225 


205 


185 


mA 


'CC2 Standby current 


All clocks « Vcc 


Standby 


5 


5 


5 


mA 


'CC2A Standby current 


tc(SC) ■ MIN 


Active 


70 


65 


60 


mA 


. RAS-only refresh 
'CC3 current 


See Note 4 


Standby 


180 


165 


150 


mA 


RAS-only refresh 
■CC3A curren t 


tc(sc) = MIN, See Note 4 


Active 


225 


205 


185 


mA 


'CC4 Page-mode current§ 


to(p) = MIN, See Note 5 


Standby 


135 


115 


105 


mA 


'CC4A Page-mode current § 


tc(SC) ■ MIN « See Note 5 


Active 


175 


155 


140 


mA 


ICC5 CBR current 


See Note 4 


Standby 


180 


165 


150 


mA 


'CC5A CBR current 


tc(SC) - MIN, See Note 4 


Active 


225 


205 


185 


mA 


'CC6 Data-transfer current 


See Note 4 


Standby 


200 


180 


160 


mA 


ICC6A Data-transfer current 


tc(SC) s M,N 


Active 


250 


225 


200 


mA 



* For conditions shown as MIN/MAX, use the appropriate value specified in timing requirements. 
§ Measured with outputs open 

NOTES: 3. SE is disabled for SQ output leakage tests . 



4. Measured with one address change while RAS = V|L.tc(rd),tc(W).*c(TRD) = M, N. 

5. Measured with one address change while CAS = Vm 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


c i(A) Input capacitance, address inputs 


6 


PF 


c i(RC) Input capacitance, address strobe inputs 


7 


PF 


Cj(w) Input capacitance, write enable input 


7 


PF 


Cj(sc) Input capacitance, serial clock 


7 


PF 


Cj(SE) Input capacitance, serial enable 


7 


PF 


c i(DSF) Input capacitance, special function 


7 


PF 


c i(TRG) Input capacitance, transfer register input 


7 


PF 


C 0 (0) Output capacitance, SQ and DQ 


7 


PF 


c o(QSF) Output capacitance, QSF 


9 


PF 



NOTE 6: Vqc * 5 V ± 0.5 V, and the bias on pins under test is 0 V. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


TEST 


ALT. 


•55165-60 


'55165-70 


'55165-80 


UNIT 


CONDITIONSt 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(C) 


Access time from CAS 


td(RLCL) - MAX 


*CAC 


17 


20 


20 


ns 


tyCA) 


Access time from column address 


kl(RLCL) * MAX 


*AA 


30 


35 


40 


ns 


ta(CP) 


Access time from CAS high 


td(RLCL) = MAX 


tCPA 


35 


40 


45 


ns 


ta(R) 


Access time from RAS 


td(RLCL) 88 MAX 


*RAC 


60 


70 


80 


ns 


ta(G) 


Access time of DQ from TRG low 




tOEA 


15 


20 


20 


ns 


ta(SQ) 


Access time of SQ from SC high 


C|_-30 pF 


tsCA 


15 


20 


25 


ns 


WSE) 


Access time of SQ from SE low 


C|_ = 30 pF 


tsEA 


12 


15 


20 


ns 


tdis(CH) 


Disable time, random output from 
CAS high (see Note 8) 


C[_ = 50 pF 


tOFF 


0 


15 


0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from 
TRG high (see Note 8) 


C|_ = 50 pF 


tOEZ 


0 


1 5 


0 


20 


0 


20 


ns 


tdis(SE) 


Disable time, serial output from 
SE high (see Note 8) 


CL = 30pF 


tSEZ 


0 


10 


0 


15 


0 


20 


ns 



t Measured with outputs open. For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 



NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TTL load and 50 pF. Data out reference level: 
v OH / Vol = 2 v - Switching times for SAM port output are measured with a load equivalent to 1 TTL load and 30 pF. Serial data 
out reference level: Voh / v OL 88 2 v /°- 8 V. 
8 - tdisfCH), tdis(G)« and ^(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





ALT. 

SYMBOL 


551 OO-oO 


'55165-70 


'551 65-80 


UNIT 


MIN MAX 


MIN MAX 


■■■■J UAV 

MIN MAX 


tc(rd) Cycle time, read 


tRC 


110 


130 


150 


ns 


*c(W) Cycle time, write 


twc 


110 


130 


150 


ns 


*c(rdW) Cycle time, read-modify-write 


tRMW 


150 


175 


200 


ns 


tc(P) Cycle time, page-mode read, write 


tpc 


35 


Aft 

40 


AG. 

40 


ns 


^c(RDWP) Cycle time, page-mode read-modify-write 


tpRMW 


on 
ou 


Oft 


4 ftft 
1UU 


ns 


tc(TRD) Cycle time, transfer read 


tRC 


11U 


ion 
lou 


1 Rft 
10U 


ns 


^c(SC) Cycle time, serial clock (see Note 9) 


tscc 


1fi 


oo 


ou 


ns 


tw(CH) Pulse duration, CAS high 


*CPN 


1U 


1U 


1U 


ns 


tw(CL) Pulse duration, CAS low (see Note 1 0) 


*CAS 


1 "7 1 n nnn 
If l u uuu 


Oft 1 ft ftftft 


on i r\ nnn 

e\J 1U UUU 


ns 


tw(RH) Pulse duration, RAS high 


tRP 


Aft 


Rft 


ttft 
OU 


ns 


^w(RL) Pulse duration, RAS low (see Note 11) 


*RAS 


cn in nnn 
OU 10 OUO 


Tft 1 ft ftftft 

70 1 0 UUU 


on 1 ft nnn 
oU 1 U UUU 


ns 


tw(WL) Pulse duration, WEx low 


twp 


in 
10 


10 


10 


ns 


tw(TRG) Pulse duration, TRG low 




15 


on 


on 


ns 


tw(SCH) Pulse duration, sc high (see Note 9) 


*SC 


5 


8 


10 


ns 


tyy(sCL) Pulse duration, SC low (see Note 9) 


tscp 


5 


o 
o 


1U 


ns 


^w(GH) Pulse duration, TRG high 


*TP 


on 


on 


on 


ns 


tw(RL)P Pulse duration, RAS low (page mode) 


tRASP 


An 1 nn nnn 
OU l uu UUU 


7n 1 ftft ftftft 
fU 1 uu UUU 


fin inn nnn 

OU 1UU UUU 


ns 


^su(CA) Setup time, column address before CAS low 


*ASC 


ft 
U 


ft 
u 


ft 
u 


ns 


tsu(SFC) Setup time, DSF before CAS low 


tFSC 


0 


0 


0 


ns 


tsu(RA) Setup time, row address before RAS low 


*ASR 


0 


0 


0 


ns 


t su (WMR) Setup time, WEx before RAS low 


tWSR 


0 


0 


0 


ns 


*su(DQR) Setup time, DQ before RAS low 


tMS 


0 


0 


0 


ns 


t su (TRG) Setup time, TRG high before RAS low 


^THS 


0 


0 


0 


ns 


WSFR) Setup time, DSF low before RAS low 


*FSR 


0 


0 


0 


ns 


tsu(DCL) Setup time, data valid before CAS low 


tDSC 


0 


0 


0 


ns 


t su (DWL) Setup time, data valid before WEx low 


<DSW 


0 


0 


0 


ns 


. Setup time, read command, WEx high before 
Mrd) CAS low 


tRCS 


0 


0 


0 


ns 


Setup time, early write command, 
tsu(WCL) WEx low before CAS low 


twcs 


0 


0 


0 


ns 


t su (wCH) Setup time, WEx low before CAS high, write 


tCWL 


15 


15 


20 


ns 


t su (WRH) Setup time, WEx low before RAS high, write 


tRWL 


15 


15 


20 


ns 


t n (CLCA) Hold time, column address after CAS low 


<CAH 


10 


10 


15 


ns 


th(SFC) Ho'd tjme » °SF after CAS low 


tCFH 


10 


10 


15 


ns 



t Timing measurements are referenced to V||_ max and V|h min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

10. In a read- modif y-write cycle, td(CLWL) and tsu(WCH) must be observed. Depending on the user's transition times, this may require 
additional CAS low time [t w (CL)l- 

11. In a read- modif y-write cycle, tyRLWL) and tsu(WRH) must be observed. Depending on the user's transition times, this may require 
additional RAS low time [t w (RL)]- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 





ALT. 
SYMBOL 


OD 1 DO"OU 


OO 1 00"#U 


»cci ce_on 
OO I oo~ov 


UNIT 


MIN MAY 


MIM MAY 


MIM MAY 


tu/nA\ WnlH tima rnui arlrlraee aftar C3AQ Ioyas 

in(HA) nuiu who, iuw auuiuos aiioi n/AO luw 


tRAH 


m 

IU 


1ft 


1ft 


ns 


l h(TRG) nuiu. nine, i nva cuier n/AO tow 


tTHH 


1ft 


1ft 


1ft 

IU 


ns 


th(RWM) Hold time, write mask after RAS low 


tRWH 


10 


10 


10 


ns 


th(RDQ) Hold time, DQ after RAS low (write-mask operation) 


tMH 


10 


10 


10 


ns 


th(SFR) Hold time, DSF after RAS low 


tRFH 


10 


10 


10 


ns 


Hold time, column address valid after RAS low 

th/RI PA\ , !• * 

i n(HLuA) (see Note 12) 


tAD 


30 


30 


35 


ns 


th(CLD) Hold time, data valid after CAS low 


tDH 


15 


15 


15 


ns 


th(RLD) Hold time, data valid after RAS low (see Note 1 2) 


tDHR 


35 


35 


35 


ns 


t n (wLD) Hold time, data valid after WEx low 


tDH 


15 


15 


15 


ns 


Hold time, read, WEx low after CAS high 
th(CHrd) (see Note 13) 


tRCH 


0 


0 


0 


ns 


Hold time, read, WEx high after RAS high 
th(RHrd) (see Note 13) 


tRRH 


0 


0 


0 


ns 


th(CLW) Hold time, write, WEx low after CAS low 


tWCH 


10 


15 


15 


ns 


*h (RLW) Hold time, write, WEx low after RAS low (see Note 1 2) 


tWCR 


30 


35 


35 


ns 


t n (WLG) Hold time, TRG high after WEx low (see Note 1 4) 


tOEH 


in 

1U 


ift 

1U 


in 

lu 


ns 


th(SHSQ) Hold time, SQ after SC high 


tSOH 


A 

** 


e 
O 


D 


ns 


th(RSF) Hold time, DSF after RAS low 


tFHR 


Oft 


Oft 




ns 


td(RLCH) Delay time, RAS low to CAS high 




tCSH 


fift 


7ft 


ftft 
OU 


ns 


See Note 15 


tCHR 


10 


10 


15 


td(CHRL) Delay time, CAS high to RAS low 


tCRP 


0 


0 


0 


ns 


td(ci_RH) Delay time, CAS low to RAS high 


tRSH 


17 


20 


20 


ns 


Delay time, CAS low to WEx low 
td(CLWL) ( See Notes 1 6 and 1 7) 


tCWD 


37 


45 


45 


ns 


*d (RLCL) De,a y tim®, RAS low to CAS low (see Note ) 


tRCD 


20 43 


20 50 


20 60 


ns 


td(CARH) Delay time, column address valid to RAS high 


tRAL 


30 


35 


40 


ns 


td(CACH) De,a y time - column address valid to CAS high 


tCAL 


30 


35 


40 


ns 


td(RLWL) Delay time, RAS low to WEx low (see Note 16) 


tRWD 


80 


95 


105 


ns 


. Delay time, column address valid to WEx low 
td(CAWL) (see Note 16) 


tAWD 


50 


60 


65 


ns 


td(CLRL) Delay time, CAS low to RAS low (see Note 1 5) 


tCSR 


0 


0 


0 


ns 


td(RHCL) De'ay time, RAS high to CAS low (see Note 15) 


tRPC 


0 


0 


0 


ns 


td(CLGH) D ©'ay time, CAS low to TRG high for DRAM read cycles 




17 


20 


20 


ns 


td(GHD) D © ,a y time, TRG high before data applied at DQ 


tQED 


10 


15 


15 


ns 



t Timing measurements are referenced to V||_ max and Vjh min. 



NOTES: 1 2. The minimum value is measured when tcj/RLCL) is set to td(RLCL) m5n as a reference. 

13. Either th(RHrd) ort h(CHrd) mus t be satisfied for a read cycle. 

1 4. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

15. CBR refresh operation only 

16. Read -modify-write operation only 

17. TRG must disable the output buffers prior to ap plying data to the DQ pins. 

18. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued)"!" 





ALT. 
SYMBOL 


'55165-60 


'55165-70 


'55165-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


kKRLTH) Delay time, RAS low to TRG high (see Note 1 9) 


tRTH 


50 


55 


60 


ns 


Delay time, RAS low to first SC high after TRG high 
Vl(RLSH) (see Note 19) 


tRSD 


65 


70 


80 


ns 


td(RLCA) De,a Y time, RAS low to column address valid 


tRAD 


15 30 


15 35 


15 40 


ns 


td(GLRH) Delay time, TRG low to RAS high 


tROH 


10 


15 


15 


ns 


Delay time, CAS low to first SC high after TRG high 
tyCLSH) (s ee Note 20) 


tCSD 


20 


20 


25 


ns 


Delay time, SC high to TRG high 
td(SCTR) ( See Notes ^ g an d 20) 


tTSL 


5 


5 


5 


ns 


tdfTHRH) Delay time, TRG high to RAS high (see Note 1 9) 


tTRD 


-10 


-10 


-10 


ns 


tdfTHRLl Delay time, TRG high to RAS low (see Note 21 ) 


tTRP 


40 


50 


60 


ns 


td(THSC) ueiay time, inva nign to ou nign (see Note isj 


*TSD 


10 


10 


15 


ns 


Delay time, RAS high to last (most significant) rising 
td(RHMS) ed 9 e of sc before boundary switch during split- 
register-transfer read cycles 




15 


20 


20 


ns 


Delay time, CAS low to TRG high in real-time transfer 
td(CLTH) reac | cycles 


tCTH 


15 


15 


15 


ns 


Delay time, column address to first SC in early-load 
td(CASH) transfer read cycles 


tASD 


25 


25 


30 


ns 


. Delay time, column address to TRG high in real-time 
td(CAGH) transfer read cycles 


tATH 


20 


20 


20 


ns 


Kj(DCL) u/eiay iime, aaia io wmo iow 


tDZC 


u 




n 
u 


ns 


td(DGL) Delay time, data to TRG low 


tDZO 


0 


0 


0 


ns 


Delay time, last (most significant) rising edge of SC to 
td(MSRL) RAS low before boundary switch during split-transfer 

loaU cycles 




15 


20 


20 


ns 


uoiay uiim, tool i \ct or risiiiy euyo 01 ov iu v*coi 

td(SCQSF) switching at the boundary during split-register-transfer 
read cycles (see Note 2222) 


tSQD 


20 


25 


30 


ns 


Delay time, CAS low to QSF switching in transfer read 
td(CLQSF) cycles (see Note 2222) 


tCQD 


25 


30 


35 


ns 


Delay time, TRG high to QSF switching in transfer read 
td(GHQSF) cyces ( see Note 22 22) 


tTQD 


20 


25 


30 


ns 


Delay time, RAS low to QSF switching in transfer read 
td(RLQSF) cycles (see Note 2222) 


tRQD 


65 


70 


75 


ns 


trf(MA) Refresh time interval, memory 


tREF 


8 


8 


8 


ms 


tf Transition time 


tT 


3 50 


3 50 


3 50 


ns 



t Timing measurements are referenced to V||_ max and V|h min. 



NOTES: 1 9. Reai-time load transfer read or late-load transfer read cycle only 

20. Early-load transfer read cycle only 

21 . Full-register (read) transfer cycles only 

22. Switching times for QSF output are measured with a load equivalent to 1 TTL load and 30 pF and output reference level is 
VOH/VOL»2V/0.8V. 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 5-165 



TMS55165 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 65D - AUGUST 1 992 - REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 



A0-A8 




DQ0-DQ15 Data In 



Figure 23. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




DQ0-DQ15 



Figure 24. Early-Write-Cycle Timing 
Table 6. Early-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-blt 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 



* 
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PARAMETER MEASUREMENT INFORMATION 

-tc(W)" 



RAS 



CAS 



A0-A8 



DSF 



TRQ 



WEx 




- L,tf 



tgu(DQR) >| *j t ( 

I -*| j*- th(RDQ) I | 

' m U 



|* *h(WLD) 



DQ0-DQ15 




■ *h(RLD) " 



Figure 25. Late-Write-Cycle Timing (Output-Enable-Controlled Write) 
Table 7. Late-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpereistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



A0-A8 




, - . . ts U (SFC) 

-W tsu(SFR) | | 
I ! th (RS F) — 



DSF 



TRG 



th(SFR) -W |4- I | 

m \\mL' 



■ th(SFC) 



I I 
I I 
I I 



t-h p- *h(TRG) I 
tsuCTRG) -*| f^j- | I * 




tsu(WMR) 



*h(RWM) 



tt 

i 




1*^ 

k+4- 



<— rr 



■ tsu(WCH) — 
— *8U(WRH) ' 



" *h(RLW) ' 



WEx 



DQ0-DQ15 



th(CLW) ' 



. , Wt *Su(WCL) 



Kf tsu(DCL) 

k- th(CLD) ' 



" th(RLD) " 



Write Maskt 



t Load-write-mask-register cycle puts the device Into the persistent write-per-bit mode. 

Figure 26. Load-Wrlte-Mask-Reglster-Cycle Timing (Early-Wrlte Load) 
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PARAMETER MEASUREMENT INFORMATION 

\4 — tc(w) 



RAS 



• *w(RL) ■ 



■ *d(RLCH) ■ 



-*| kf «d(CHRL) I 
| | k — td(RLCL) 



■ td(CLRH) ' 



m . t w( RH)- 
J j+f-jtyCHRL) 




CAS 



A0-A8 



DSF 



TT" 

I I 

*h(RA) {►! f 

tsu(RA)~>l |«f | 
U-i 



' t w (CL) ' 



It 



I I 

| | Refresh Row 



^t w( CH)- 



3^ 



i ! 




tsu(SFR)->| (<- 



*h(SFR) 




TRG 




tsu(WMR)-*| f* 1 



WEx 



th(RSF) | 

->J |<t tsu(SFC) 

! N — ►Hh(SFC] 



I I 



I 




~"^| k" tsufTRG) 



— *su(WRH) ' 
• *su(WCH) — 



- Vi(GHD) 



M 

-\ — *h(RLW) 



- *h(CLW) " 



- *h(RWM) 



I 



L 



■ *h(WLG) 



tsu(DWL) "J*) 



■ *w(WL) " 



*h(WLD) 



DQ0-DQ15 



th(RLD) 



Write Maskt 



t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 27. Load-Write-Mask-Register-Cycle Timing (Late-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 




tsu(RA) - 



f- *h(RLCA) H- 



A0-A8 0(XXi 



*h(SFR) — }- 
DSF 



TRG 



HI 
j- *su(SFR) 



*h(RWM) 



WEx 



DQ0-DQ15 



m j- th(RLCA^ 

|<" td(RLCA) 



Row 



" th(CLCA) 
td(CACH) " 



• td(CARH) 



j j|4-«w(CH)>I 



i Column i 



*h(RSF) • 




1—4- 



th(TRG) 



kj- «su(TRG) 

kf tsu(WMR) 
+4— M 



1 



K- 



ta(R) 



I I 



- *h(SFC) 
tsu(SFC) 



I I 
I I 



tsu(rd) 




— kl(CAWL) — 

k M- t w (TRG) 



li 1 



|| k N- t v 



- *su(WRH) ■ 



W-j- *SU(WCH) 



i i' 



i w- 



T 

*h(WLG) h 



th(RLW) 



■ th(CLW) • 



td(DCL) 



td(CLWL) 

u 



k-f~ — >T| ^(CLGH) 



4 Kf tsu(DQR) 

1 k — N-t h (R DQ) 



r 



*a(CA) ' 
td(RLWL) 



I 



k- *w(WL) " 



-HtcKDGL) j« U 



H- *h(WLD) ->| 
t- *d(GHD) I 



KH^r— «a(C) 4* k-tsu(DWL) 



< 



Valid 
Out 



Figure 28. Read-Write-/Read-Modify-Write-Cycle Timing 



Table 8. Read-Write-/Read-Modify-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Dont care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



• *w(RL)P ' 



*w(RH) ->| 

— W I 



tyCHRL) 



*d(RLCL) " 



* *d(CLRH) ' 



td(RLCA) 



! W *d(RLCH) | . 

tsu(RA) W ^, U(CA) _U W ' 

I k-^x I | f* 



N-»w(CL)-H * «w(CH)— ^ I 

F| » M -tc (P) i [ ► ! 



A0-A8 



DSF 



H- th(RLCA) 



th(CLCA) 

I 



Row 



Column 



tsu(SFR) I 



>h *h(SFR) 
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" j — td(CARH) 
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>}— *d(CLGH) | 




TRG 



WEx 
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I -H *h(TRG) 

tsu(TRG) { | 

I 



Wu(WMR) I 

tsu(rd) 



X 



if 



th(RHrd) 




td(DGL) 



Jl 



I 



4* U 

*- «a(CA) -*j 
-ta(G)|— H 



■*a(C) I 



I 



■ tyCA)* ■ 



t a (R)*- 



DQO- 
DQ15 



Data 



Data Out 



-ta(CP) T - 

>- 



• tdls(G) -►[ 



Data Out 



• td(DCL) " 



t Access time is t a (cp) or t a (CA) dependent. 

* Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the w rit e and read-modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CAS to select the desired write 
mode (normal, block write, etc.). 

Figure 29. Enhanced-Page-Mode Read-Cycle Timing 
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RAS 



PARAMETER MEASUREMENT INFORMATION 

t W (R|_)p 
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" th(RA) ■ 
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tw(CL) 



- *w(CH) 



*C(P) 



i 1 * f 
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->1 k 1 «su(TRG) 
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"►f— tsu(SFC) 



->f- *h(SFC) 
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See Note A 




K tgl(WCH) ■>! 
'|4- ^(WL) ->j 

I I 



tsu(WCH) -P" 



• *8U(WRH) ■ 



I 



->l Ky t 8 u(DWL) t 



! L 



th(RDQ) 



tsu(DCL) t \< j ►! H *h(CLD) T 

thCWLD)* — 



r 



-j- *h(RLD) ■ 



DQO- 
DQ15 



t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 

NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRG must re main h igh throughout the entire page-mode operation if the late write 
feature i s used . If the early write cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling 
edge of RAS. 

Figure 30. Enhanced-Page-Mode Write-Cycle Timing 
Table 9. Enhanced-Page-Mode Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent writeiper-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load write-mask register on either the first falling edge of 
WEx or the falling edge of CAS, whichever occurs later.* 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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RAS 



CAS 



A0-A8 



DSF 



TRG 



WEx 



PARAMETER MEASUREMENT INFORMATION 

— — *w(RL)P - 



j^td(CHRL) 



- td(RLCH) 



{*! K-t h(RA) ]\k 



td(RLCA) 




tw(RH) 



DQ0-DQ15 

| *d(DGL) 

td(GHD) ii -H N-^NG) 

-^k-ta(C)t 

t Output can go from high-impedance to an invalid-data state prior to the specified access time. 

NOTE A: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
Figure 31 . Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 
Table 10. Enhanced-Page-Mode Read-Modify- Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 




Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load write-mask register on either the first falling edge of 
WEx or the falling edge of CAS, whichever occurs latent 


H 


L 


H 


Don't care 


Write mask 



♦ Load-write-mask register cycle sets the device to the persistent write-per-bit mode. Column address at the falling edge of CAS is a dont care 
during this cycle. 
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A0-A8 




Figure 32. Load-Color-Register-Cycle Timing (Early-Write Load) 
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*c(W)- 



A0-A8 




Figure 33. Load-Color-Register-Cycle Timing (Late-Write Load) 
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RAS 



td(RLCL) H*- 

-*\ rtrt<i(CHRL) 



CAS 



A0-A8 



tsu(SFR) 



DSF 




tsu(RA)-H W" 



TRG 



th(RWM) j*j I*" 




tsu(WMR) \*t , 



W-M- 



— t, U (WCH)- 

rj, tg U (WRH) 

W *su(WCL) 
I | j+ f h(CLW) 



WEx 




rji — *h(RLW) * 



-*w(WL)" 



th(RLD) ■ 



th(RDQ) 



w ! 



- th(CLD) " 



DQ0-DQ15 



Cl 2 i> 



Figure 34. Block-Write-Cycle Timing (Early Write) 
Table 11 . Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Dont care 


Column mask 


Block-write operation with nonpersistent write-per-blt 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 

1: I/O write enable 
Column-mask data DQi - DQi+3 0: column write disable 

(i = 0, 4, 8, 1 2) 1 : column write enable 



Example: 

DQO — column 0 (address A1 ■ 0, AO ■ 0) 
DQ1 — column 1 (address A1 » 0, AO » 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 —column 3 (address A1 ■ 1, AO ■ 1) 
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"It 



■ t w (RL) ' 



tc(W)- 



td(RLCH)" 



td(CHRL) 
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I I 

td(RLCA) H*~ 



lk-td(RLCL)">| 

ft 'I* 



" t<J(CLRH) ■ 
*w(CL) 



I 



+ 



- th(RLCA) 

th(RA) -fH k- J*£r t 

,| -*| N] tsu(CA) 
tsu(RA) -►I (4f | | | |< N~ th(CLCA) 



td(CACH) • 
*d(CARH) • 



- tw(RH) ">j 
*-«* | 

I 

td(CHRL) -H 




*~j «w(CH) ' 



jj 



T-*i 



A0-A8 



DSF 




0 Row i> 



tsu(SFR)-^I W- 
th(SFR)-f* 

I 



TRG 



th(RSF) H 

Kt tgu(SFC) 




> Block Address 
A2-A8 



r 



th(SFC) 



I I 
I I 




■ td(GHD) ■ 



- th(CLW) ■ 



! 



- *su(WCH) M 



th(RLW) 

N — 



I 



WEx 



-*J |<J-*su(WMR) I 
-*| H~ th(RWM) I 

— 

-*| ^(DQR) J>|]^^ U(DW4 
| "»J |+- th(RDQ) ] 



-t*u(WRH)- 
— *h(WLG) 



*w(WL)' 



DQ0-DQ15 



U th(WLD) — W 

th(RLD) " — ►] 



2 • 



Figure 35. Block-Wrlte-Cycle Timing (Late Write) 
Table 12. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Donl care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Donl care 


Column mask 



Write-mask data 



0: 
1: 



I/O write disable 
I/O write enable 

Column-mask data DQi - DQi+3 0: column write disable 
(i = 0, 4, 8, 12) 1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 « 0, AO * 1) 
DQ2 — column 2 (address A1 ■ 1 , AO * 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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t W (RL)P 



RAS 



cas wy i 



r*{ *d(CHRL) 



— td(RLCH) ■ 
td(RLCL) 
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-» | ^tsu^A) 
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tsu(CA) 

H 



K v is" 

I T« 1 — M-th(CLCA) j I 



H 

■ Vl(CLRH) 
td(CHRL) ""l 4 " 



tw(RH) 



4- 



J 1 1 

th(RLCA)|- 



I I 
I I 



th(SFB) J-p" 




W *su(SFR) 

ill 



i i 



lock Address 
A2-A8 

n r ^ 

I f«-»h(SFC)-+l 



««u(SFC) 



4- 



TRG 



I*- *h(TRG) 
f*"j — I" *8U(rRG) 

rrr 

i i N- 



1 1 
1 1 
1 1 
1 1 



+ 



i 



i 

td(CACH) -*\ 

j « j j *d(CARH) ' 

Block Address 
A2-A8 

n — r~ 

\+- th(SFC) - 
tsu(SFC) 



! I 




See Note A 



th(RWM) 



W ts U (WMR) 

II 

1 J-U -* 



WEx 



JLL 



ft 



n 

-H Kf *Ml(DQR) 



Uu(WCH) 
tw(WL) 



tsu(WCH) 

I 



■ *h(CLD)t " 
• th(WLD) f - 



DQ0-DQ15 



I 



th(RDQ) * j« ►! fcu(DCq T 



*h(RLD) ■ 



t Referenced to the first WEx falling edge or the fa lling edge of CAS, whichever occurs later 

NOTE A: To assure page-mode cycle time, TRG must rem ain hi gh throughout the entire page-mode operation if the late write feature is used . 
If the early-write-cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling edge of RAS. 

Figure 36. Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 13. Enhanced-Page-Mode Biock-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1: I/O write enable 
Column-mask data DQi - DQi+3 0: column write disable 
(i ■ 0, 4, 8, 1 2) 1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 « 0, AO « 1) 
DQ2 — column 2 (address A1 * 1 , AO » 0) 
DQ3 — column 3 (address A1 ■ 1 , AO ■ 1) 
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Figure 37. RAS-Only Refresh-Cycle Timing 
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Figure 38. CBR-Refresh-Cycle Timing 
Table 14. CBR-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Dont care 


L 


H 


CBR refresh with no reset 


Dont care 


H 


H 


CBR refresh with stop point set and no reset 


Stop address 


H 


L 
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Figure 39. Hidden-Refresh-Cycle Timing 
Table 15. Hidden-Refresh-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop point set and no option reset 


Stop address 


H 


L 
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t.ufTRG)-|4— ^ j< — th(TRG) ! 




TRG 
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I k- 1 W-th/nwwn I I 



, ~ , -*Mh(RWM) j I 
tsu(WMR)-f * I I^H-td^ASH) 



4- 



DQ0-DQ15 i 1 — Hl-Z «!■ 




H- tc ( sCTR) ~*\ L_ td (C LSH) _ 
*w(SCH)-k W ' I N N-*w(SCL) 



*d(RLSH) — f 



SC 



j+-ta(SQ)4* j | N ^(SC) M 



th(SHSQ) k »jj j j 1 t h(SH SQ) iT k(8 % 



I 



SQ Old Data "j^"" Old Data ^ New Pate 

I ! — 1 



* td(GHQSF) ">j 



QSF ^ Tap Point Bit A7 



H 

SE 

L 



1 k td(CLQSF)- 
W t<j(RLQSF) 



NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycie. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each 
data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the seria l read mode (i.e., the SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO- A7: register tap point; A8: which half of the transferred row 

D. Early-load operation is defined as thQ-RG) min < *h(TRG) < td(RLTH) roin. 

Figure 40. Full-Register-Transfer Read Timing, Early-Load Operations 
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RAS 



CAS 



A0-A8 



DSF 



TRG 



WEx 



DQ0-DQ15 



QSF 



NOTES: A. Random-mode (DO) outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each 
data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the seria l read mode (i.e., the SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit read from the data register after TRG has gone high must be activated by a positive transition 
of SC. 

C. A0-A7: register tap point; A8: which half of the transferred row 

D. Late load operation is defined as tdrjHRH) < 0 ns. 

Figure 41 . Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 
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WEx 



DQ0-DQ15 




i Row i 
*8U(TRG) ->j jJp 

TRG <xxxx\! I ! ' 
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-H-*a(SQ) 
►I | th(SHSQ) 



\+" *a(SQ) 
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X 
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Bit 255 

-X- *d(SCQSF) 



^ 

Tap Point M 



! y^WtMBV i Tap \ 

/I or 127 \ y I Point N \ 

J K 



ta(SQ)"^| W- {< 
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Bit 255 



I 



tw(SCL) 



td(SCQSF) — 
-tt 



tySQ) 



Old MSB 



4V- 
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NOTE A: A0-A6: tap point of the given half; A7: don't care; A8: identifies the DRAM row half 

Figure 42. Split-Register-Transfer Read Timing 
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-H W- t a( SE) 

= 

NOTE A: While reading data through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. This is 
to avoid the initiation of a register-data transfer operation. 

Figure 43. Serial-Read Timing (SE = V||_) 
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H W tdls(SE) j 

- / — T^-^ - 

NOTE A: While reading data through the serial-data register, TRG is a dont care except TRG must be held high when RAS goes low. This is 
to avoid the initiation of a register-data transfer operation. 

Figure 44. Serial-Read Timing (SE-Controlled Read) 
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ADDR 3C 



CASE I 



CASE II 




SC 



QSF 



CASE III 



SC 



QSF 



Full-Register Transfer Read 



Tap1 ^BltTTapl 
(low) 127 (high) 



Tap1> ' Bit iTapl 1 ' 

(low) 127 1 (high) 

-KrA " 



•Vr 



Split Register to the 
High Half of the 
Data Register 



Split Register to the 
Low Half of the 
Data Register 




Bit Tap2 
255 (low) 



Bit 
127 



4<r- 



Spllt Register to the 
High Half of the 
Data Register 



J- 



NOTES: A. In order to achieve proper split-register operation, a full-register transfer read should be performed before the first split-register 
transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then begin either 
after the full-register transfer-read cycle (CASE I), during the first split-register transfer cycle (CASE II), or even after the first 
split-register transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register transfer-read cycle 
and the first split-register cycle. 

B. A split-register transfer into the inactive half is not allowed until WMSRL) is met - *d (MSR L) is tne minimum delay time between the 
rising edge of the serial clock of the last bit (bit 1 27 or 255) and the falling edge of RAS of the split-register transfer cycle into the 
inactive half. After the td(MSRL) is met, the split-register transfer into the i nactiv e half must also satisfy the minimum WrhmS) 
requirement. td(RHMS) is the minimum delay time between the rising edge of RAS of the split-register transfer cycle into the inactive 
half and the rising edge of the serial clock of the last bit (bit 1 27 or 255). 

Figure 45. Split-Register Operating Sequence 
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device symbollzation 




Speed (-60, -70, -80) 
Package Code 



Lot Traceablllty Code 
Date Code 
Assembly Site Code 

- Die Revision Code 

— Wafer Fab Code 
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• Organization: 

- DRAM: 262144 Words x 16 Bits 

- SAM: 256 Words x 1 6 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast Area 
Fill Operations. As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Bit On-Chlp Color Register 

• Write-Per-Bit Feature for Selective Write to 
Each RAM I/O. TWo Wrlte-Per-BIt Modes to 
Simplify System Design 

• Byte Write Control (CASL, CASU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Bef ore-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 

• Split-Register Transfer Read for Simplified 
Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video Data Streams 

• Ail Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Texas Instruments EPIC™ Process 

• Designed to Work With the 
Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 



DGH PACKAGE 
(TOP VIEW) 



vcc C 


10 ^ 


64 


3 


8C 


TRQ C 


2 


63 


3 


SE 


vss C 


3 


62 


3 


vss 


SQO C 


4 


61 


3 


8Q15 


ooo L 


5 


60 


3 


DQ15 


8Q1 C 


6 


59 


3 


SQ14 


DQ1 C 


7 


58 


3 


DQ14 


vccC 


8 


57 


3 


vcc 


SQ2 C 


9 


56 


3 


SQ13 


DQ2 C 


10 


55 


3 


DQ13 


SQ3 C 


11 


54 


3 


SQ12 


DOS C 


12 


53 


3 


DQ12 


V88 C 


13 


52 


3 


vss 


SQ4 C 


14 


51 


3 


SQ11 


DQ4 C 


16 


50 


3 


DQ11 


SQ5 C 


16 


49 


3 


8Q10 


DQ5 C 


17 


48 


3 


DQ10 


vccC 


18 


47 


3 


vcc 


SQ6 C 


19 


46 


3 


309 


DQ6 C 


20 


45 


3 


DQ9 


SQ7 C 


21 


44 


3 


SQ8 


DQ7 C 


22 


43 


3 


DQ8 


vss C 


23 


42 


3 


VSS 


CASL C 


24 


41 


3 


DSF 


WE C 


25 


40 


3 


NC/QND 


RAS C 


28 


39 


3 


CASU 


A8 C 


27 


38 


3 


QSF 


A7 C 


28 


37 


3 


AO 


A6 C 


29 


38 


3 


A1 


A5C 


30 


35 


3 


A2 


A4 C 


31 


34 


3 


A3 


vccC 


32 


33 


3 


vss 



PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CASL, CASU 


Column-Address Strobe/Byte Selects 


DQ0-DQ15 


DRAM Data I/O, Write Mask Data 


DSF 


Special Function Select 


NC/GND 


No Connect/Ground (Important: not 




connected internally to V$s) 


QSF 


Special Function Output 


RA§ 


Row-Address Strobe 


SC 


Serial Clock 


SE 


Serial Enable 


SQ0-SQ15 


Serial Data Output 


TRG 


Output Enable, Transfer Select 


vcc 


5-V Supply (TYP) 


y§s 


Ground 


WE 


DRAM Write Enable Select 





ACCESS TIME 


ACCESS TIME 


DRAM 


DRAM 


SERIAL 


OPERATING CURRENT 


OPERATING CURRENT 




ROW ENABLE 


SERIAL DATA 


CYCLE TIME 


PAGE MODE 


CYCLE TIME 


SERIAL PORT STANDBY 


SERIAL PORT ACTIVE 




x m 


ta(SQ) 


tc(W) 


MP) 


*c(SC) 


•CC1 


»CC1A 




(MAX) 


(MAX) 


(MIN) 


(MIN) 


(MIN) 


(MAX) 


(MAX) 


TMS55161-60 


60 ns 


15 ns 


110 ns 


30 ns 


18 ns 


180 mA 


225 mA 


TMS55161-70 


70 ns 


20 ns 


130 ns 


30 ns 


#22 ns 


165 mA 


205 mA 


TMS55161-80 


80 ns 


25 ns 


150 ns 


35 ns 


30 ns 


150 mA 


185 mA 



EPIC is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information to currant as of publication data. 
Products conform to specifications par tha terms of Texas Instruments 
standard warranty. Production processing doaa not nacaasarily Induda 
tasting of all parameters. 
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description 

The TMS55161 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 1 44 words of 1 6 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The TMS55161 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS551 61 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55161 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 1 6 bits of data (present 
in an on-chip color data register) to be written to any combination of fou r adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 1 6 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register which, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55161 also offers byte control. Byte control can be applied in read 
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The 
TMS55161 also offers extended output mode. The extended output mode is effective in both the page-mode 
cycles and standard cycles. 

The TMS55161 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55161 are compatible with Series 74 TTL All address lines 
and data-in lines are latched on chip to simplify system design. All data outs are unlatched to allow greater 
system flexibility. 

The TMS551 61 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55161 is offered in a 64-pin small-outline gull-wing-leaded package (DGH suffix) for direct surface 
mounting. 

The TMS55161 and other Tl multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 
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functional block diagram (continued) 
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Table 1. Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQ0-DQ15T 


MINE 
CODE 


CASx* 




WE 


DSF 


DSF 


RAS 




RA§ 


CASL 


TRG 


CASx§ 


CASU 
WE 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 




CBR refresh (no reset) and stop point 
set' 


L 


x 


L 


H 


X 


Stop 
Point * 


x 


x 


x 


CBRS 


CBR refresh (option reset) 1 1 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 

AHrlr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM write (nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM write (persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


UHAM diock write (nonmasKeci) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


WrHe 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X * Don't care 

Col Mask = H: Write to address/column enabled 

Write Mask » H: Write to I/O enabled 

t DQ0-DQ15 are latched on either the fi rst fall ing e dge of CASx or the falling edge of WE, whichever occurs later. 

* Logic L is selected when either or both CASL and CASU are low. 

§ The column address and block address are latched on the first falling edge of CASx. 

* CBRS cycle should be performed immediately after the power-up initialization cycle. 
*A0-A3, A8: don't care; A4-A7 : stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode is not end persistent write-per-bit mode or stop-point mode. 

□ Load -write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


SAM 


A0-A8 


Row, column address 


Row address, tap point 




CASL 
CASU 


Column-address strobe, DQ output enable 


Tap-address strobe 




DQ 


DRAM data I/O, Write mask 






DSF 


Block-write enable 
Write-mask-register-load enable 
Color-register-load enable 
CBR (option reset) 


Split-register-transfer enable 




RAS 


Row-address strobe 


Row-address strobe 




SE 






SQ output enable, 
QSF output enable 


SC 






Ooilal CIOCK 


SQ 






Serial data output 


TRG 


DQ output enable 


Transfer enable 




WE 


Write enable 






QSF 






Serial-register status 


NC/GND 


Make no external connection or tie to system GND 






vcc f 

VSS+ 


5-V supply 
Ground 







t For proper device operation, all Vqq pins must be connected to a 5-V supply and all V$s pins must be tied to ground. 



pin definitions 
address (A0-A8) 

Eighteen address bits are required to decode one of 262 1 44 storage ceil lo cations. Nine row-address bits are 
set up on pins A0-A8 and latched onto the chip on the falling edge of RAS. N ine column-address bits are set 
up on pins A0-A8 and latch ed on to the chip on the first fallin g edge of CASx. All addresses must be stable on 
or before the falling edge of RAS and the first falling edge of CASx. 

During the fuli-register-transfer read operation, the states of A0-A8 are latch ed on t he falling edge of RAS to 
select one of the 51 2 rows where the transfer occurs. At the first falling edge of CASx, the column-address bits 
A0-A8 are latched. The most significant column-address bit (A8) selects which half of the row is transferred 
to the SAM. The appropriate 8-bit column address (A0-A7) selects one of 256 tap points (starting positions) 
for the serial data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CASx. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (A8) selects the 
DRAM half row. The remaining seven address bits (A0-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 1 27 and 255 are not valid tap points. 

row-address strobe (RAS) 

RAS i s sim ilar to a chip enable, so that all DRAM cycles and transfer cycles are i nitiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WE, TRG, CASL, CASU, and DSF onto 
the chip to invoke DRAM and transfer read functions of the TMS551 61 . 
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column-address strobe (CASL, CASU) 

CASL and CASU are control inputs t hat lat ch the states of the column address and DSF to control DRAM and 
transfer functions of the TMS551 61 . CASx also act as output enables for the DRAM output pins, DQ0-DQ1 5. 

In DRAM operation, CASL enables data to be written to or read from the lower byte (DQ0-DQ7), and CASU 
enables data to be written to or from the upper byte (DQ8-DQ1 5). 

In transfer operations, address bits AO- A8 are latched at the first falling edge of CASx as the start position (tap) 
for the serial data output (SQ0-SQ1 5) . 

output enable/transfer select (TRG) 

The TR G pin selects either DRAM or transfer opera tion as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM o perati on, TRG functions as an ou tput e nable for the DRAM output pins, 
DQG-DQ15. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WE) 

In DRAM operation, WE enables data to be written to the DRAM. WE is also used to select the DRAM 
write-per-bit mode of operation. Holding WE low on the falling edge of RAS invokes the write-per-bit operation. 
The TMS55161 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (DSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CASx similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with no reset (CBRN) 

• CBR refresh with no reset and stop-point set (CBRS) 

• Block write (BW, BWM) 

• Loading write-mask register for the persistent write-per-bit mode (LMR) 

• Loading color register for the block-write mode (LCR) 

• Split-register-transfer read (SRT) 

DRAM data I/O, write mask data (DQ0-DQ15) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DQ output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 74 TTL load. D ata ou t i s the s ame polarity 
as data in. The outputs are in the high-impedance ( floating ) st ate as long as either TRG or CASx is held high. 
Data does not appear at the outputs until after both CASx and TRG have been brought low. The write mask is 
latched into the device via the random DQ pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation, the DQ outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQO -SQ1 5) 

Serial data is read from the SQ pins. The SQ output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS551 61 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of SE. This ungated serial clock scheme minimizes access time 
of serial output from SE low because the serial clock input buffer and the serial-address counter are not disabled 
bySE. 

special function output (QSF) 

QSF is an output pin that indicates which half of the SAM is being accessed. When QSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When QSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. 

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. The QSF output is enabled by SE. If SE is high, 
the QSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 
random access operation 



Table 3. DRAM Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 






WE 


DSF 


DSF 


RAS 




RAS 


CASL 


CASx* 


TRG 


CASx§ 


CASU 
WE 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 




CBR refresh (no reset) and stop-point 
setfl 


L 


X 


L 


H 


X 


Stop 
Point* 


X 


X 


X 


CBRS 


CBR refresh (option reset) 1 1 


L 


X 


H 


L 


v 

A 


X 


X 


X 


X 


CRD 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


uham write (nonmasKea) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


nW 


DRAM write (nonpersistentwrite-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


DVA/ki 

HWM 


DRAM write (persistent write-per-bit) 


H 


H 


L 


L 


i 

L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


R\A/M 


DRAM block write (nonmasked) 


H 


H 


H 


L 




Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistentwrite-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X ■ Don't care 

Col Mask = H: Write to address/column enabled 

Write Mask « H: Write to I/O enabled 

t DQ0-DQ1 5 are latched on either the fi rst fall ing e dge of CASx or the falling edge of WE, whichever occurs later. 

* Logic L is selected when either or both CASL and CASU are low. 

§ The column address and block address are latched on the first falling edge of CASx. 
' CBRS cycle should be performed immediately after the power-up initialization cycle. 
*A0-A3, A8: dont care; A4-A7: stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
ACBR refresh (no reset) mode is not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eli minat es the time required for row- address setup, 
row-address hold, and address multiplex. The maximum RAS low time and the minimum CAS page cycle time 
are used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55161 to opera te at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CASx 
transitions low. A valid column address can be presented immed iately after the row-address hold time has been 
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after t a (c) max 
(access time from CASx low) if t a (CA) m a* (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing either or both CASL and CASU low earlier than RAS. The external 
row address is ignored, and the refresh row address is generated internally. Three types of CBR refresh cycles 
are available. The CBR refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. 
The CBRN and CBRS refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. 
The 51 2 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh 
is completed within the required time period, V^ma)- Th e out put buffers remain in the high-impedance state 
during the CBR refresh cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding both CASL and CASU low in the DRAM read cycle and cycling 
RAS. The output data of the DRAM read cycle remains valid while the refresh is being carried out. Like the CBR 
refresh, the refreshed row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx and TRG are low, the 
output buffers r emain in the high-impedance state to conserve power. Externall y gen erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 51 2 row addresses with RAS causes all bits in each row 
to be refreshed. 
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extended data output 

The TMS551 61 features extende d data output during DRAM accesses. While RAS andTRG ar e low, the DRAM 
outpu t rema ins v alid ev en when CASx returns high. The output remains valid until WE is low, TRG is high, or 
both CASx and RAS are high. The extended-data-output mode functions in all read cycles including 
DRAM-read, page-mode-read, and read-modify-write cycles. 



RAS 



CASx 



DQO- 
DQ15 



TRG 



\ 



\ 



|4 N ^^(RH) 



< 



Valid Output 



> 



k- *di8(G) -* 



\ 



Figure 1. DRAM-Read Cycle With RAS-Controlled Output 



RAS 
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TRG 
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Figure 2. DRAM-Read Cycle With CASx-Controlied Output 
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extended data output (continued) 
raS \ 



S 



CASx 



A0-A8 



DQ0-DQ15 



Column 



I 



I 




I l« » j *a(C) 



*a(CA) — W- 



J 



■c 



Column 



Valid Output 



tyCP) 
-W~t a (CA) 
t a (C) 



th(CLQ) ~N *| j 

x 



Valid Output 



> 



TRG 



s 



Figure 3. DRAM-Page-Read Cycle With Extended Output 
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byte operation 

Byte operation can be applied in DRAM read cycles, write cycles, block-write cycles, load-write-mask-register 
cycles a nd load -color-register c ycles. In byte operation, the column address (A0 -A8) is latched at the first falling 
edge of CASx. In read cycles, CASL enables the lower byte (DQ0-DQ7) and CASU enables the upper byte 
(DQ8-DQ1 5) (see Figure 4). 



RAS 



CASL 



CASU 



A0-A8 



DQ0-DQ7 



DQ8-DQ15 



tsu(CA) -H l+j 



/ 



| k — ►) — th(CLCA) I 




ta(G) 



TRG 



Figure 4. Example of a Byte-Read Cycle 
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byte operation (continued) 

In byte-write operation, CASL enables data to be written to the lower byte (DQ0-DQ7) and CASU enable s data 
to be written to the upper byte (DQ8-DQ15). In an early-write cycle, WE is brought low prior to both CASx 
signals. Data setup and hold times for DQ0-DQ15 are referenced to the first falling edge of CASx 
(see Figure 5). 



RAS 




\ / 




Figure 5. Example of an Early-Write Cycle 
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byte operation (continued) 

For late-write or read-modify-write cycles, WE is brought low after either or both CASL and CASU fall. The data 
is strobed in with data setup and hold times for DQO -DQ1 5 referenced to WE (see Figure 6). 



RAS 



CASL 



CASU 



WE 



DQ0-DQ15 (XXXXXXXXXXXXXXXXXXXX^ valid input 



Figure 6. Example of a Late-Write Cycle 
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wrlte-per-bit 

The write-per-bit feature allows masking any combination of th e 16 D Qs on any write cycle. The write-per-bit 
opera tion is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of 
RAS, the write operation is performed without any masking. The TMS551 61 offers two write-per-bit modes: the 
nonpersistent write-per-bit and the persistent write-per-bit. 

nonpersistent wrlte-per-bit 

When WE is low on the falling edge of RAS, the write mask is reloaded. A 1 6-bit binar y code (the write-per-bit 
mask) is input to the device via the DQ pins and latched on the fall ing e dge of RAS. The write-per-bit mask 
selects which of the 1 6 l/Os are to be written and which are not. After RAS has latched the o n-chip write-per-bit 
mask, i nput data is driven onto the DQ pins and is latched on either the first falling edge of CASx or the falling 
edg e of WE , whichever occurs later. CASL enables the lower byte (DQ0-DQ7) to be written through the mask 
and CASU enables the upper byte (DQ8-DQ1 5) to be wri tten th rough the mask. If a data low (write mask = 0) 
is strobed into a particular I/O pin on the falling edge of RAS, data is not written to that I/O. If a data high 
(write mask = 1) is strobed into a particular I/O pin on the falling edge of RAS, data is written to that I/O 
(see Figure 7). 



RAS 



CASL 



CASU 



WE \_ 



tsu(DQR) - 



\ 



\ 



/ 



DQ0-DQ15 




Figure 7. Example of a Nonpersistent Wrlte-Per-Bit (Late-Wrlte) Operation 
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persistent write-per-bit 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register cycle first. In the 
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-writ e-mas k-register cycle is performed using D RAM w rite-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the first falling edge of CASx. A bi nary co de is input to the write-mask register 
via the random I/O pins and latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in e xactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. When the device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 8). 



RAS 



Load Wrlte-Mask Register 



CASx I 



"\ r 



Persistent WrIte-Per-BIt 

r 



y 



A0-A8 



Refresh 
Address 



Row 



Column 



DSF 



WE 

DQO- 
DQ15 



I 



Wrlte-Mask 
Data 

Mask Data = 1 : Write to I/O enabled 
= 0: Write to I/O disabled 



Valid 
Input 



CBR Refresh (option reset) 

\ 



Figure 8. Example of a Persistent Write-Per-Bit Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as (4 columns x 4 DQs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DQs per 
column (see Figure 9). 




4 Consecutive Columns of 0-511 



Figure 9. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write masking options. The DQ data is provided by four bits from the on-chip color register. 
Bits 0-3 from the 1 6-bit write-mask register, bits 0 -3 from the 1 6-bit column-mask register, and bits 0 -3 from 
the 1 6-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 - 1 1 , and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 10). 



1? Texas 
Instruments 

5-208 POST OFFICE BOX 1443 •HOUSTON. TEXAS 77251-1443 



TMS55161 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 61 B - OCTOBER 1 993 - REVISED JUNE 1 995 



block write (continued) 




Color Register 
Figure 10. Block Write With Masks 
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block write (continued) 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0-3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11 , etc., as shown in Figure 11 . 

Block 0 Block 1 Block 127 



One Row of 0-511 


































0 


1 


2 


3 


4 


5 


6 




511 




\ 
















/ 



Figure 11. Block Columns Organization 

During block-w rite cy cles, only the seven most significant column addresses (A2-A8) are latched on the first 
falling edge of CASx to decode one of the 128 blocks. Address bits A0-A1 are ignored. Each one-megabit 
quadrant has the same block selected. 

A block-write cycle i s entered in a manner similar to a D RA M write cycle except DSF is held high on the first 
falling edge of CASx. As in a DRAM write operation, CASL and CASU enable the corresponding lower and upper 
DRAM DQ bytes to be written , respectively. The cralumn-mask data is input via the DQs and is latched on either 
the first falling edge of CASx or the falling edge of WE, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability allowing additional performance options. 

Example of block write: 

block-write column address = 110000000 (A0-A8 from left to right) 

bitO bit 15 



color-data register 


= 1011 


1011 


1100 


0111 


write-mask register 


= 1110 


1111 


1111 


1011 


column-mask register 


= 1111 


0000 


0111 


1010 




1st 


2nd 


3rd 


4th 




Quad 


Quad 


Quad 


Quad 



Column-address bits AO and A1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has DQ0-DQ2 written with bits 0-2 from the color-data register (1 01 ) to all four columns of 
block 0. DQ3 is not written and retains its previous data due to the write-mask-register bit 3 being a 0. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column mask bits 4-7 being 0, 
so that no data is written. 

The third quadrant (DQ8-DQ1 1 ) has its four DQs written with bits 8-11 from the color-data register (1 1 00) to 
columns 1 -3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to the column 
mask-register bit 8 being 0. 

The fourth quadrant (DQ12-DQ15 ) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block 0. DQ13 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all 0s, the fourth quadrant would contain the data pattern shown in Figure 12 after 
the block-write operation shown in the previous example. 
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block write (continued) 




4th Quadrant 

DQ13 0 0 0 0 / 

DQ12 

TTTT 

Columns 0 12 3 
Figure 12. Example of Fourth Quadrant After a Block-Write Operation 



load color register 

The load-color-registe r cycle is per form ed usin g normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS, CASL, an d CAS U. The color register is loaded from pins DQ0-DQ15, whi ch are 
latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASx 
is low, only the corresponding byte of the color register is loaded. When the color register is loaded, it retains 
data until power is lost or until another load-color-register cycle is performed (see Figure 1 3 and Figure 1 4). 



Load-Color-Register Cycle | Block-Write Cycle ' Block-Write Cycle | 

| (no write mask) I (load and use write mask) | 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the first falling edge of CASx. 

4. Color-register data 

5. Write-mask data: DQ0-DQ1 5 are latched on the falling edge of RAS. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. 

(MMTO^ = don't care 

Figure 13. Example of Block Writes 
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load color register (continued) 

| Load-Wrlte-Mask-Reglster Cycle | Load-Color-Register Cycle | Persistent Block-Write Cycle | 
| | j (use loaded write mask) j 




Legend: 

1 . Refresh address 

2. Row address ^ 

3. Block address (A2-A8) is latched on the first falling edge of CASx. 

4. Color-register data 

5. Write-mask data: DQO -DQ1 5 are latched on the falling edge of CASx. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. 

< MM»> * don't care 

Figure 14. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM arr ay is s elected 
to be transferred to the 256-bit serial-da ta reg ister. The transfer operation is invoked by bringing TRG lo w and 
holding WE high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 



Table 4. SAM Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQO- 


-DQ15 


MNE 






WE 






RAS 




RAS 


CASx 
WE 


CODE 




CASxt 


TRG 


DSF 


DSF 


CASx 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 



t Logic L is selected when either or both CASL and CASU are low. 
X x dontcare 
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full-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and la tched at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the 
falling edge of RAS to select one of the 512 r ows av ailable for the transfer. The nine column-address bits 
(AO- A8) are latched at the first falling edge of CASx, where address bit A8 selects which half of the row is 
transferred. Address bits A0-A7 select one of the SAM's 256 available tap points from which the serial data 
is read out (see Figure 15). 



A8*0 



512x512 
Memory Array 



256-Bit 
Data Register 




255 



Figure 15. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 16). 



Early Load 



Real-Time Load 



A0-A8 




Data Bit 



Figure 16. Example of Full-Register-Transfer Read Operations 
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spllt-reglster-transfer read 

In the split-register-transfer read operation, the serial-data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 128-255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



Figure 17. Split-Register-Transfer Read 

To invoke a split-re giste r-transfer read cycle, DSF is brought high, TRG is brought low, and both are la tched at 
the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS to select 
one of the 51 2 rows availa ble for t he transfer. Eight of the nine column-address bits (A0-A6and A8) are latched 
at the first falling edge of CASx. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits A0-A6 select one of the 1 27 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half. 



j^*~\ ^Fu»XFERy < N^ Spllt XFER ^/ ^ SpiltXFER ^/ \ ^Sp»t XFEfy /~ 
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t A7 shown is internally controlled. 

Figure 1 8. Example of a Split-Register-Transfer Read Operation 
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A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt-reglster-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial-access operation. When QSF is low, 
the serial-address pointer is accessing the lower (least significant) 128 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 



ra5 
Casx 

TRG 
DSF 

SC 
QSF 



Full-Register-Transfer Read 
With Tap Point N 

"A r 



Split-Register 
Transfer Read 



"N r 



s 



y 



y 



td(CLQSF) 



Tap 
Point N 



+r td(GHQSF) 



X 



Figure 19. Example of a Spllt-Reglster-Transfer Read After a Full-Register Transfer Read 
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Figure 20. Example of Successive Spllt-Reglster-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 21 . 



j— H 0 | 1 | 2,| • • • • • | Tap 1 —» • • • | 254 | 255 | 



Figure 21 . Serial Pointer Direction for Serial Read 

For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds 
sequentially to the most-significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 22). 



1 


r 



















Figure 22. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
the least significant bit of the inactive half (bit 1 28 or bit 0) (see Figure 23). 



















| 128 | ••• | Tap | • • • • • 254 | 255 | 



Figure 23. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop point 

The TMS551 61 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 24). 



127 128 



255 



Partition^ 
Length 



. Stop 
Points 



Figure 24. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-p oint mode is not active until the CBRS cycle i s initi ated. The CBRS o perati on is performed by holding 
CASx and WE low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row-address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 



Table 5. Programming Code for Stop-Point Mode 



MAXIMUM 
PARTITION 
LENGTH 


ADDRESS AT RAS IN CBRS CYCLE 


NUMBER OF 
PARTITIONS 


STOP-POINT LOCATIONS 


A8 


A7 


A6 


AS 


A4 


A0-A3 


16 


X 


L 


L 


L 


L 


X 


16 


15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 
191,207, 223, 239,255 


32 


X 


L 


L 


L 


H 


X 


8 


31, 63, 95, 127, 159, 191, 223, 255 


64 


X 


L 


L 


H 


H 


X 


4 


63,127,191,255 


128 
(default) 


X 


L 


H 


H 


H 


X 


2 


127,255 



In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 25). 




Tap = H1 Tap = L1 Tap = H2 Tap = L2 

H1 191 L1 63 H2 255 L2 

sc A/V,., _/\/\/\/\_...-/\/\/\- 



SAM Low Half SAM High Half 

0 L1 63 12 127 128 H1 191 H2 255 



I — I 


* 


r 


i_| 1 b=4 


4 


» 

[ 






— » * 

— « 4 2 


► 

f 













Figure 25. Example of Split-Register Operation With Programmable Stop Points 
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256-/51 2-bit compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AY8 are internally swapped to assure the compatibility (see Figure 26) . 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit AY8 is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset (CBR) 
cycle is not recommended because it ends the stop-point mode and restores address bits AY7 and AY8 to their 
normal function. Consistent use of CBR cycles ensures that the TMS551 61 remains in normal mode. 



NON STOP-POINT MODE 
AY8«0 AY8*1 
AY7.0 AY7-1 AY7«0 AY7-1 



STOP-POINT MODE 
AY8 = 0 AY8-1 
AY7 ■ 0' AY7 » 1 AY7 a 0 AY7«1 




512x512 
Memory Array 



256-Bit 
Data Register 




512x512 
Memory Array 



256-Bit 
Data Register 



Figure 26. DRAM-to-SAM Mapping, Non Stop Point Versus Stop Point 

IMPORTANT: For proper device operation in a split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 



power up 



To achi eve pr oper device operation, an initial pause of 200 \xs is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS551 61 is as follows: 





STATE AFTER INITIALIZATION 


QSF 

Write mode 
Write mask register 
Color register 
Serial-register tap point 
SAM port 


Defined by the transfer cycle during initialization 

Nonpersistent mode 

Undefined 

Undefined 

Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)+ 



Supply voltage range, Vqc (see Note 1 ) - 1 V to 7 V 

Input voltage range -1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1.1 W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range,T stg — -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vss Supply voltage 


0 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is for logic-voltage levels only. 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



5-219 



TMS55161 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 61 B - OCTOBER 1 993 - REVISED JUNE 1 995 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS t 


SAM 
PORT 


'55161-60 


•55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 


l0H=-1 mA 




2.4 


2.4 


2.4 


V 


. . LiOW"loVol OUipUl 

V ° L voltage 


lOL ~ 2 mA 




0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc*5.5V, 

V| = 0Vto5.8V, 

All other pins at 0 V to Vqq 




±10 


±10 


±10 


l*A 


. Output current 
0 (leakage) 


Vcc - 5.5 V, Vo = 0 V to Vcc 
See Note 3 




± lU 


±1U 


±1U 


••A 

|lA 


>CC1 Operating current* 


See Note 4 


Standby 


180 


165 


150 


mA 


'CC1A Operating current* 


tc(SC) = M,N 


Active 


225 


205 


185 


mA 


'CC2 Standby current 


All clocks = Vcc 


Standby 


5 


5 


5 


mA 


'CC2A Standby current 


tc(SC) ■ M,N 


Active 


70 


65 


60 


mA 


RAS-only refresh 
'CC3 current 


See Note 4 


Standby 


180 


165 


150 


mA 


. RAS-only refresh 
■CC3A curr ent 




Active 


225 


205 


185 


mA 


'CC4 Page-mode current* 


tc(P) = MIN, See Note 5 


Standby 


140 


140 


120 


mA 


•CC4A Page-mode current* , 


tc(SC) = MIN - See Note 5 


Active 


185 


185 


165 


mA 


CAS-before-RAS 
•CC5 current 


See Note 4 


Standby 


180 


165 


150 


mA 


. CAS-before-RAS 
'CC5A current 


tc(SC) * MIN. See Note 4 


Active 


225 


205 


185 


mA 


'CC6 Data-transfer current 


See Note 4 


Standby 


200 


180 


160 


mA 


'CC6A Data-transfer current 


tc(SC) = MIN 


Active 


250 


225 


200 


mA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

NOTES: 3. SE is disabled for SQ output leakage tests . 

4. Measured with one address change while RAS « V||_. tc(rd). tc(W)> tc(TRD) = MIN - 

5. Measured with one address change while CASx = Vih 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



DADAUCTCD 


MIN MAX 


1 1 MIT 

UNIT 


^i(A) Input capacitance, address inputs 


3 


dF 


Q(RC) Input capacitance, address strobe inputs 


7 


PF 


C,-(w) Input capacitance, write enable input 


7 


PF 


Cj(sc) Input capacitance, serial clock 


7 


PF 


Cj(SE) Input capacitance, serial enable 


7 


PF 


c i(DSR Input capacitance, special function 


7 


PF 


c i(TRG) '"Put capacitance, transfer register input 


7 


PF 


c o(0) Output capacitance, SQ and DQ 


7 


PF 


c o(QSF) Output capacitance, QSF 


9 


PF 



NOTE 6: Vqq = 5 V ± 0.5 V, and the bias on pins under test is 0 V. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


TEST 


ALT. 


'55161-60 


•55161-70 


'55161-80 


UNIT 


CONDITIONSt 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(C) 


Access time from CASx 


td(RLCL) = MAX 


tCAC 


17 


20 


20 


ns 


ta(CA) 


Access time from column address 


td(RLCL) = MAX 


tAA 


30 


35 


40 


ns 


ta(CP) 


Access time from CASx high 


td(RLCL) = MAX 


tCPA 


35 


40 


45 


ns 


l a(R) 


Access time from RAS 


td(RLCL) = MAX 


tRAC 


60 


70 


80 


ns 


ta(G) 


Access time of DQ from TRG low 




tOEA 


15 


20 


20 


ns 


ta(SQ) 


Access time of SQ from SC high 


Cl = 30 pF 


tSCA 


15 


20 


25 


ns 


ta(SE) 


Access time of SQ from SE low 


C[_ = 30 pF 


tSEA 


12 


15 


20 


ns 


tdis(CH) 


Disable time, random output from 
CASx high (see Note 8) 


C|_ = 50pF 


tOFF 


0 


15 


0 


20 


0 


20 


ns 


tdis(RH) 


Disable time, random output from 
RAS high (see Note 8) 


C L «50 pF 




0 


15 


0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from 
TRG high (see Note 8) 


C|_ * 50 pF 


tOEZ 


0 


15 


0 


20 


0 


20 


ns 


tdis(WL) 


Disable time, random output from 
WE low (see Note 8) 


CL = 30pF 


tWEZ 


0 


15 


0 


20 


0 


20 


ns 


tdis(SE) 


Disable time, serial output from 
SE high (see Note 8) 


C|_ = 30 pF 


tSEZ 


0 


10 


0 


15 


0 


20 


ns 



t Measured with outputs open. For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 
NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TTL load and 50 pF. Data out reference level: 
Voh / v OL - 2 v - Switching times for SAM port output are measured with a load equivalent to 1 TTL load and 30 pF. Serial data 
out reference level: Voh / Vol s 2 V/ 0 ' 8 v - 
8 - tdis(CH), tdis(RH)« tdis(G)« tdis(WL)« and tdis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





ALT. 
SYMBOL 


'55161-60 

09 IWI vv 


'55161-70 

WW 1 w 1 f w 


'551 61-80 

ww IWI OV 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tc(rd) Cycle time, read 


too 


110 


130 


150 


ns 


^c(W) Cycle time, write 




110 


130 


150 


ns 


^c(rdW) Cycle time, read-modify-write 


l nMW 


150 


175 


200 


ns 


t«/n\ Cvele time naae-mode read write 


tpc 


30 


30 


35 


ns 


U/DnufDi Cvcle time nana-mnrfe rpari-mnriifv-write 


l PRMW 


80 


90 


100 


ns 


t«/TDn\ Cvcle time transfer read 


tear* 


110 


130 


150 


ns 


t_ /o/^\ f^x/He time serial Hock feaa Nnte 

IQfV^^l WyvIO III 1 ID, Owl ICM wlwwfx \wDD MwAw iff 


tscc 


18 


22 


30 


ns 


♦ /s"ni it Piilco Hiipotinn f^AQv hiriK 

^W(CH) rllloo UuioUUII, v/A\OX lliyil 


*CPN 


10 


10 


10 




t.../^M \ Pi lie a Hi irntinrs P,AQy Iru*/ /coo Mnto 10\ 
*W(CL) ■ Uloo UUlcUIUii, wnOA IvJW ^bw INUlo I Uy 


*CAS 


in in nnn 


10 10 noo 


ocs 10 nno 

c\j i \j \j\AJ 




t.../ni_i\ Piilco rliiratinn RA^ hinh 
W(HM) ruioo uuicuiwii, ruw iiiyii 


*RP 


40 


50 


60 


ns 


t.../Di \ Pulce duration RAS low /qaa Nnte 11\ 
WlriL.) ruoo uuicuiwii, rir^o iun yaoo intuit? i if 


tRAS 


60 10 000 

WW 1 W WWW 


70 10 000 

ff w lv www 


80 10 000 

UU 1 V WWW 


ns 


^w(WL) Pulse duration, WE low 


tyVP 


10 


10 


15 


ns 


twfTRG) Pulse duration, TRG low 




15 


20 


20 


ns 


^w(SCH) Pulse duration, SC high (see Note 9) 


teo 


5 


8 


10 


ns 


tw(SCL) Pulse duration, SC low (see Note 9) 




5 


8 


10 


ns 


tw(GH) Pulse duration, TRG high 


tTP 


20 


20 


20 


ns 


tw(RL)P Pulse duration, RAS low (page mode) 


to ACD 


60 100 000 


70 100 000 


80 100 000 


ns 


^su(CA) Setup time, column address before CASx low 




o 


o 


0 


ns 


WSFC) Setup time, DSF before CASx low 


tFSC 


0 


0 


0 


ns 


tsu(RA) Setup time, row address before RAS low 


tASR 


0 


0 


0 


ns 


t su (WMR) Setup time, WE before RAS low 


tWSR 


0 


0 


0 


ns 


tsu(DQR) Setup time, DQ before RAS low 


tMS 


0 


0 


0 


ns 


tsufTRG) Setup time, TRG high before RAS low 


*THS 


0 


0 


0 


ns 


tsu(SFR) Setup time, DSF low before RAS low 


tFSR 


0 


0 


0 


ns 


tsu(DCL) Setup time, data valid before CASx low 


tDSC 


0 


0 


0 


ns 


t su (DWL) Setup time, data valid before WE low 


tDSW 


0 


o 


0 


ns 


. Setup time, read command, WE high before 
tsu(rd) CAS^low 


tRCS 


o 


0 


0 


ns 


Setup time, early write command, 
tsu(WCL) WE low before CASx low 


twes 


0 


0 


0 


ns 


t su (wCH) Setu P time . WE low before CASx high, write 


tCWL 


15 


15 


20 


ns 


t su (WRH) Setu P tjme » WE low before RAS high, write 


tRWL 


15 


15 


20 


ns 


*h (CLCA) Hold time, column address after CASx low 


tCAH 


10 


10 


15 


ns 


*h(SFC) Hold time, DSF after CASx low 


tcFH 


10 


10 


15 


ns 


th(RA) Hold time, row address after RAS low 


tRAH 


10 


10 


10 


ns 



t Timing measurements are referenced to V||_ max and Vih min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

1 0. In a read- modify -write cycle, tycLWL) and *su(WCH) must De observed. Depending on the user's transition times, this may require 
additional CASx low time [t w (CL)]- 

11. In a read- modif y-write cycle, t<j (RLWL) and t su (WRH) m ust be observed. Depending on the user's transition times, this may require 
additional RAS low time [t w (RL)]- 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued)t 





ALT. 
SYMBOL 


'55161-60 


'55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


thfTRG) Hold time. TRG aft©'' RAS low 


*THH 


10 


10 


10 


ns 


th(RWM) Hold time, write mask after RAS low 


tRWH 


10 


10 


10 


ns 


th(RDQ) Hold time, DQ after RAS low (wrlte-mask operation) 


tMH 


10 


10 


10 


ns 


th(SFR) Hold time, DSF after RAS low 


tRFH 


10 


10 


10 


ns 


Hold time, column address valid after RAS low 
th(RLCA) (see Note 12) 


<AR 


30 


30 


35 


ns 


th(CLD) Hold time, data valid after CASx low 


tDH 


15 


15 


15 


ns 


th(RLD) Hold time, data valid after RAS low (see Note 1 2) 


tDHR 


35 


35 


35 


ns 


*h (WLD) Hold time, data valid after WE low 


tDH 


15 


15 


15 


ns 


Hold time, read, WE high after CASx high 
*n(CHrd) (see Note 13) 


tRCH 


o 


o 


o 


ps 


Hold time, read, WE high after RAS high 
th(RHrd) (see Note 13) 


tRRH 


0 


0 


0 


ns 


*h (CLW) Hold time, write, WE low after CASx low 


tWCH 


10 


15 


15 


ns 


th(RLW) Hold time, write, WE low after RAS low (see Note 1 2) 


tWCR 


30 


35 


35 


ns 


*h (WLG) Hold time, TRG high after WE low (see Note 1 4) 


tOEH 


10 


10 


10 


ns 


th(SHSQ) Hold time, SQ valid after SC high 


tSOH 


4 


5 


5 


ns 


th(RSF) Hold time, DSF after RAS low 


tFHR 


30 


30 


35 


ns 


th(CLQ) Hold time, output valid after CASx low 


tDHC 


4 


5 


5 


ns 


td(RLCH) Delay time, RAS low to CASx high 




tCSH 


53 


60 


80 


ns 


See Note 15 


tCHR 


10 


10 


15 


*d(CHRL) Dela Y time, CASx high to RAS low 


tCRP 


0 


0 


0 


ns 


td(CLRH) Delay time, CASx low to RAS high 


tRSH 


17 


20 


20 


ns 


Delay time, CASx low to WE low 
td(CLWL) (see Notes 16 and 17) 




37 


45 


45 


ns 


td(RLCL) De,a y time, RAS low to CASx low (see Note 1 8) 


tRCD 


20 43 


20 50 


20 60 


ns 


td (CARH) Delay time, column address valid to RAS high 


tRAL 


30 


35 


40 


ns 


td(CACH) De,a y time, column address valid to CASx high 


tCAL 


30 


35 


40 


ns 


td (RLWL) D © ,a y time, RAS low to WE low (see Note 1 6) 


tRWD 


80 


95 


105 


ns 


. Delay time, column address valid to WE low 
td(CAWL) (see Note 16) 


tAWD 


50 


60 


65 


ns 


kl (CLRL) De,a y time, CASx low to RAS low (see Note 1 5) 


tCSR 


0 


0 


0 


ns 


td(RHCL) De,a y time, RAS high to CASx low (see Note 1 5) 


tRPC 


0 


0 


0 


ns 


td(CLGH) Delay time, CASx low to TRG high for DRAM read cycles 




17 


20 


20 


ns 


td(GHD) Delay time, TRG high before data applied at DQ 


tQED 


10 


15 


15 


ns 



t Timing measurements are referenced to V||_ max and Vm min. 



NOTES: 1 2. The minimum value is measured when WrlcL) is set to td(RLCL) min 88 a reference. 

1 3. Either t n (RHrd) or th(CHrd) must be satisfied for a read cycle. 

14. Outp ut-ena ble-co ntrolled write. Output remains in the high-impedance state for the entire cycle. 

15. CAS-before-RAS refresh operation only 

1 6. Read-modify-write operation only 

1 7. TRG must disable the output buffers prior to ap plying data to the DQ pins. 

1 8. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (concluded) t 





ALT. 
SYMBOL 


'55161-60 


'55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


td(RLTH) Delav time « RAS ,ow to TRG high (see Note 1 9) 


tRTH 


50 


55 


60 


ns 


Delay time, RAS low to first SC high after TRG high 
td(RLSH) (see Note 19) 


*RSD 


DO 






ns 


td(RLCA) De,av ti me > RAS low to column address valid 


tRAD 


15 30 


15 35 


15 40 


ns 


td(GLRH) Delay time, TRG low to RAS high 


tROH 


10 


15 


15 


ns 


Delay time, CASx low to first SC high after TRG high 
td(CLSH) (see Note 20) 


tCSD 


20 


20 


25 


ns 


Delay time, SC high to TRG high 
td(SCTR) (see Notes 19 and 20) 


tTSL 


5 


5 


5 


ns 


tdfTHRH) Delay time, TRG high to RAS high (see Note 1 9) 


* i nu 


-10 


-10 


-10 


ns 


tdfTHRL) Delay time, TRG high to RAS low (see Note 21) 


tTRP 


40 


50 


60 


ns 


*d(THSC) ueiay time, i no mgn to ou nign (see Note 19; 


*TSD 


10 


10 


15 


ns 


Delay time, RAS high to last (most significant) rising 
td(RHMS) edge of SC before boundary switch during 
split-register-transfer read cycles 




15 


20 


20 


ns 


Delay time, CASx low to TRG high in real-time transfer 
l d(CLTH) read cycles 


tCTH 


15 


15 


15 


ns 


Delay time, column address to first SC in early-load 
kJ(CASH) transfer read cycles 


tASD 


25 


25 


30 


ns 


Delay time, column address to TRG high in real-time 
d(CAGH) transfer read cycles 


tATH 


20 


20 


20 


ns 


*d(DCL) Delay time, data to CASx low 


tDZC 


0 


0 


0 


ns 


td(DGL) Delay time, data to TRG low 


*DZO 


0 


0 


0 


ns 


Delay time, last (most significant) rising edge of SC to 
td(MSRL) RAS low before boundary switch during split-register- 
transfer read cycles 




15 


20 


20 


ns 


ueiay lime, last \\£f or ^.oo) rising eage ot ou to vjor 
tcj(sCQSF) switching at the boundary during split-register-transfer 
read cycles (see Note 22) 


tSQD 


20 


25 


30 


ns 


Delay time, CASx low to QSF switching in transfer 
ki(CLQSF) read cydes ( See Note 22) 


tCQD 


25 


30 


35 


ns 


Delay time, TRG high to QSF switching in transfer read 
td(GHQSF) cyc | es ( see Note 2 2) 


*TQD 


20 


25 


30 


ns 


Delay time, RAS low to QSF switching in transfer read 
td(RLQSF) cycles (see Note 22) 


tRQD 


65 


70 


75 


ns 


trf(MA) Refresh time interval, memory 


tREF 


8 


8 


8 


ms 


tt Transition time 


IT 


3 50 


3 50 


3 50 


ns 



t Timing measurements are referenced to V||_ max and Vih min. 



NOTES: 19. Real-time load transfer read or late-load transfer read cycle only 

20. Early-load transfer read cycle only 

21. Full-register (read) transfer cycles only 

22. Switching times for QSF output are measured with a load equivalent to 1 TTL load and 30 pF and output reference level is 
VOH/VOL = 2V/0.8V. 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CASx 



A0-A8 



DSF 



TRG 



WE 



DQ0-DQ15 




Figure 27. Read-Cycle Timing With CASx-Controlled Output 
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Figure 28. Read-Cycle Timing With RAS-Controlled Output 
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Figure 29. Early-Write-Cycle Timing 
Table 6. Early-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Dont care 


Valid data 
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Figure 30. Late-Write-Cycle Timing (Output-Enable-Controlled Write) 
Table 7. Late-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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Write Maskt 



t Load-write-mask-register cycle will put the device into the persistent write-per-bit mode. 

Figure 31. Load-Write-Mask-Register-Cycle Timing (Early-Write Load) 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



5-229 



TMS55161 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 61 B- OCTOBER 1993 -REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



RAS 



CASx 



A0-A8 



DSF 



TRQ 



WE 




tsu(DWL)-|>l |*{- 

!i " 

th(RLD) 



* th(WLD) - — N 



DQ0-DQ15 




Write Maskt 



t Load-write-mask-register cycle will put the device into the persistent write-per-bit mode. 

Figure 32. Load-Write-Mask-Register-Cycle Timing (Late-Write Load) 
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Figure 33. Read-Write/Read-Modify-Write-Cycle Timing 
Table 8. Read-Write/Read-Modlfy-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 
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Data In 



Data Out 
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t Access time is t a (Qp\ or ta(QA) dependent. 

* Output can go from tne high-impedance state to an invalid-data state prior to the specified access time. 

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long a s the writ e and read-modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CASx to select the desired write 
mode (normal, block write, etc.). 



Figure 34. Enhanced-Page-Mode Read-Cycle Timing 
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t Referenced to the first falling edge of CASx or the falling edge of WE , whichever occurs later 

NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRG must re main h igh throughout the entire page-mode operation if the late write 
feature i s used . If the early write cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling 
edge of RAS. 

Figure 35. Enhanced-Page-Mode Write-Cycle Timing 
Table 9. Enhanced-Page-Mode Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write mask on either the first falling edge of CASx or the 
falling edge of WE, whichever occurrs later.* 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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• t w (RL)P • 



RAS 



CASx 
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DSF 



TRG 



WE 




DQ0-DQ15 xAAAjr , . . a, ^ 

p Valid Out 

~>\ N- tdls(G) 
-►ik- t a (C) T 

t Output can go from the high-impedance to an invalid-data state prior to the specified access time. 

NOTE A: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
Figure 36. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 
Table 1 0. Enhanced-Page-Mode Read-Modify- Write-Cycle State Table 



td(DGL) -w 
t a (R)t 



CYCLE 


STATE 
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2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load write mask on either the first falling edge of CASx or the 
falling edge of WE, whichever occurs iater.t 


H 


L 


H 


Don't care 


Write mask 



this cycle. 
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t Access time is t a (CA) dependent. 

* Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 37. Enhanced-Page-Mode Read/Write-Cycle Timing 
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Valid Color Input 



Figure 38. Load-Color-Register-Cycle Timing (Early-Write Load) 
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Figure 39. Load-Color-Register-Cycle Timing (Late-Write Load) 
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Figure 40. Block-Write-Cycle Timing (Early Write) 
Table 11. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1 : I/O write enable 

Column-mask data DQi - DQi+3 
(i = 0, 4, 8,12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 * 0, AO = 1) 
DQ2 — column 2 (address A1 ■ 1 , AO = 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 



5-238 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS55161 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS161B- OCTOBER 1993- REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



J H- 



RAS 



- *w(RL) - 



tc(W)' 



• td(RLCH) 



CASx 



*d(RLCA) H*~ 



7ft 



• td(CLRH) " 
• »w(CL) 



~* -*\ l«" «t I 



W+- *d(CHRL) ' 



- td(CACH) ■ 



• th(RLCA) H 

th(RA) -f>j H~ _J*tn 1 *d(CARH) • 

,| ~*\ ft t,u(CA) 
t*u(RA) -*| |«f | | |* — >j-th(CLCA) 



" «w(CH) " 



A0-A8 



DSF 



TRQ 




I I 



t*u(SFR)+] kr 
th(SFR)-W \+- 



th(RSF) 




Block Address 
|4f t8u(SFC) A2-A8 
*h(SFC) 



WE 




->j f*}tsu(WMR) 
|-»| j*-th (RW M)j 

|^-t8U(DQR) j^i 
t h(RD Q) ! i 



I I 



DQ0-DQ15 



tsu(DWL) 

th(WLD) < 
th(RLD) 



Figure 41. Block-Write-Cycle Timing (Late Write) 
Table 12. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Wr'rte-mask data 0: I/O write disable 
1: I/O write enable 

Column-mask data DQi - DQi + 3 
(i = 0, 4,8,12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 ■ 0, AO ■ 0) 
DQ1 — column 1 (address A1 ■ 0, AO = 1) 
DQ2 — column 2 (address A1 * 1 , AO ■ 0) 
DQ3 — column 3 (address A1 = 1 , AO ■ 1) 
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TRG 
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DQ15 

t Referenced to the first falling edge of CAS x or th e falling edge of WE, whichever occurs later. 

NOTE A: To assure page-mode cycle time, TRG must rem ain hi gh throughout the entire page-mode operation if the late-wrfte feature is used . 
If the early-write cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling edge of RAS. 

Figure 42. Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 13. Enhanced-Page-Mode Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1 : I/O write enable 

Column-mask data DQi - DQi + 3 
(1 = 0,4,8,12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 * 1 , AO * 1) 
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Figure 43. RAS-Only Refresh-Cycle Timing 
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Figure 44. CBR-Refresh-Cycle Timing 
Table 14. CBR-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop point set and no reset 


Stop address 


H 


L 
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Data Out 



tW W r*->Mh<RWM) 

I 
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Figure 45. Hidden-Refresh-Cycle Timing 
Table 15. Hidden-Refresh-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Dont care 


H 


H 


CBR refresh with stop point set and no option reset 


Stop address 


H 


L 
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RAS 



CASx 



TRG 



PARAMETER MEASUREMENT INFORMATION 

|« -*c(TRD) — 

N *w(RL) 

^ - t<|(RLCL) — 



\ | MRH,-— A. 

^ f — td(RLCH)1 \—H 



*d(CHRL) -j* »j j I^M**!*-*! | 

H k 1 I y- 

i K-td^LCA)— +nv _ ^ — V 




n 

t.u(SFR)^ H |4 »l-t h( SFR) I 



i ™ nnn r v i 



tsufTRG) -j« -+{ j, ^ 



<h(TRG) 

m 

— w-th( 

ttu(WMR) -fl- M !|| |^-| td (C ASH) 



B1W 



K ■ 1 *h(RWM) | I 




NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each 
data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the seri al read mode (i.e., SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO -A7: register tap point; A8: identifies the half of the transferred row 

D. Early-load operation is defined as t n (TRG) min < t n (TRG) < ^(RLXH) mih. 

Figure 46. Full-Register-Transfer Read Timing, Early-Load Operations 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CASx 



A0-A8 



DSF 



TRG 



WE 



DQ0-DQ15 



SC 



SO. 



QSF 



SE 



td(CHRL) -H- 



*su(SFR) -H- 

I 



*su(TRG) H4- 
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tsu(RA) 4« 



- *c(TRD) - 



- tw(RL) ■ 



- td(RLCL) - 



■ »w(RH) ' 



X 



■ td(RLCH) • 

L 



• td(RLCA) — 
h t h ( RLC A) • 



tw(CL) 



Y 



I 
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i. ! 

*t~ ^(CLCA) 



Row 



Tap Point 
A0-A8 



*Mn(SFR) ! 





td(CLTH) -j* 
td(CAGH) — h 
~ td(RLTH) 1- 



*d(THRL) ■ 



N *~ tdfTHRH) 



tw(GH)" 



-H-th(RWM) | I I 
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i r*- 

4- Hi-Z -4- 



/MS M^r^. 

|<- ta(SQ) "W U ^ MsciJ I !*— »c(SC) ■ 



|<-ta(SQ)-W p 
*h(SHSQ) -l« *| | | 



Old Data 



Old Data 



X 



H-t a (SQ)->| 
th(SHSQ) H4- N I 



Old Data 



x 



New Data 



- td(GHQSF) - 



Tap Point Bit A7 



" td(RLQSF) " 



- td(CLQSF) • 



NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations 
in each data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial rea d mod e (i.e. , SQ is enabled) , allowing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

C. A0-A7: register tap point; A8: identifies the half of the transferred row 

D. Late load operation is defined as t<j(THRH) < 0 ns. 

Figure 47. Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CASx 



A0-A8 



td(CHRL) 



H 

J ^ 



td(RLCL) 



" *w(RL) ■ 
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tw(RH) 
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tsu(RA) 
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See Note A 



i Tap Point AO- A8 i 
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vwv\ ' i 

trg 6666\i I ! 1 





-tX |4- «h(SFR) 
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DQO- 
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►| | *h(SHSQ) 



ta(SQ) 



Bit 127 or 
Bit 255 



*a(SQ) ">| 
_LC L 
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]/fBlt255\ /f Tap \ 

/\ or127 \ ^ jPolntN \ 



►I- *w(SCL) 



Bit 127 or 
Bit 255 



-N- tySCQSF) 



Tap 
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td(SCQSF) -44- 

-tt 



4-*-ta(SQ) 



AS- 



x 



New MSB 



NOTE A: AO- A6: tap point of the given half; A7: don't care; A8: identifies the DRAM row half 

Figure 48. Split-Register-Transfer Read Timing 
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RAS 



TRG 



SC 



SE 



PARAMETER MEASUREMENT INFORMATION 




*"*«(SQ) j< N-t a( SQ) 




l+f t h (SHSQ) th(SHSQ) — W — *\ j t h(S HSQ) — 1#— #l | 

^ ValldOut ^ 



SQ --_-_<WyyyW| ValldOut iYi ValldOut \Y\ ValldOut 



ta(SE) 



NOTE A: While the data is being read through the serial-data register, TRG is a don't care, except TRG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data transfer operation. 

Figure 49. Serial-Read-Cycle Timing (SE = V| L ) 
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RAS 



TRG 



PARAMETER MEASUREMENT INFORMATION 
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I 
I 

H X tdls(SE) 



t 



Valid Out 



th(SHSQ) 
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NOTE A: While the data is being read through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data transfer operation. 

Figure 50. Serial-Read-Cycle Timing (SE-Controlled Read) 
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PARAMETER MEASUREMENT INFORMATION 




Full-Register -Transfer Read 



Split Register to the 
High Half of the 
Data Register 



Split Register to the 
Low Half of the 
Data Register 



Split Register to the 
High Half of the 
Data Register 



NOTES: A. In order to achieve proper split-register operation, a full-register-transfer read should be performed before the first 
split-register-transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then 
begin either after the full-register-transfer read cycle (CASE I), during the first split-register-transfer cycle (CASE II), or even after 
the first split-register-transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register-transfer read 
cycle and the first split-register cycle. 
B. A split-register-transfer into the inactive half is not allowed until td(MSRL) is met - ki(MSRL) is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 1 27 or 255) and the falling edge of RAS of the split-register-transfer cycle into the 
inactive half. After the td(MSRL) requirement is met, the split-register-transfer into the i nactiv e half must also satisfy the minimum 
td(RHMS) requirement. tyRHMS) is the minimum delay time between the rising edge of RAS of the split-register-transfer cycle into 
the inactive half and the rising edge of the serial clock of the last bit (bit 1 27 or 255). 

Figure 51 . Split-Register Operating Sequence 
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device symbolization 




Speed (-60, -70, -80) 
Package Code 



Lot Traceabllity Code 
Date Code 
Assembly Site Code 
Die Revision Code 
Wafer Fab Code 
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• Organization: 

- DRAM : 262 144 Words x 16 Bits 

- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data Transfer Function From the DRAM to 
the Serial Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast Area 
Fill Operations. As Many as Four Memory 
Address Locations Written Per Cycle From 
the 16-Bit On-Chip Color Register 

• Write-Per-BIt Feature for Selective Write to 
Each RAM I/O. Two Write-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (WEL, WEU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 55-MHz Uninterrupted Serial Data 
Streams 

• 256 Selectable Serial Register Starting 
Locations 

• SE-Controlled Register Status QSF 

• Split Register-Transfer Read for Simplified 
Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Texas Instruments EPIC™ CMOS Process 

• Designed to Work With the 
Industry-Leading Texas Instruments 
Graphics Family 

• Performance Ranges: 



TMS551 66-60 
TMS551 66-70 
TMS551 66-80 



EPIC is a trademark of Texas Instruments Incorporated. 



DGH PACKAGE 
(TOP VIEW) 




PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CAS 


Column-Address Strobe 


DQ0-DQ15 


DRAM Data I/O, Write Mask Data 


DSF 


Special Function Select 


NC/GND 


No Connect/Ground 




(Important: not connected internally to V§s) 


QSF 


Special Function Output 


RAS 


Row-Address Strobe 


SC 


Serial Clock 


SE 


Serial Enable 


SQ0-SQ15 


Serial Data Output 


TRG 


Output Enable, Transfer Select 


vcc 


5-V Supply (TYP) 


V33 


Ground 


WEL, WEU 


DRAM Byte Write Enable Selects 



ACCESS TIME 


ACCESS TIME 


DRAM 


DRAM 


SERIAL 


OPERATING CURRENT 


OPERATING CURRENT 


ROW ENABLE 


SERIAL DATA 


CYCLE TIME 


PAGE MODE 


CYCLE TIME 


SERIAL PORT STANDBY 


SERIAL PORT ACTIVE 


t a( R) 


ta(SQ) 


tc(W) 


*c(P) 


*C(SC) 


•cci 


'CC1A 


(MAX) 


(MAX) 


(MIN) 


(MIN) 


(MIN) 


(MAX) 


(MAX) 


60 ns 


15 ns 


110 ns 


30 ns 


18 ns 


180 mA 


225 mA 


70 ns 


. 20 ns 


130 ns 


30 ns 


22 ns 


165 mA 


205 mA 


80 ns 


25 ns 


150 ns 


35 ns 


30 ns 


150 mA 


185mA 



PRODUCTION DATA information l» current m of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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description 

The TMS55166 multiport video RAM is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 1 44 words of 1 6 bits each interfaced to a serial data register 
[serial-access memory (SAM)] organized as 256 words of 1 6 bits each. The TMS551 66 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the TMS551 66 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The TMS55166 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates can 
be achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 1 6 bits of data (present 
in an on-chip color data register) to be written to any combination of fou r adjacent column address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any cpmbination of the 1 6 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register which, once loaded, can be used on subsequent 
write cycles without reloading. The TMS55166 also offers byte control. Byte control can be applied in write 
cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The TMS551 66 also 
offers extended output mode. The extended output mode is effective in both the page-mode and standard 
DRAM cycles. 

The TMS55166 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 55 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the TMS55166 are compatible with Series 74 TTL. All address lines 
and data-in lines are latched on chip to simplify system design. All data outs are unlatched to allow greater 
system flexibility. 

The TMS55166 employs state-of-the-art Texas Instruments EPIC™ scaled-CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with low cost and improved reliability. 

The TMS55166 is offered in a 64-pin small-outline gull-wing-leaded package (DGH suffix) for direct surface 
mounting. 

The TMS551 66 and other Tl multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Texas Instruments. 
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functional block diagram 
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functional block diagram (continued) 
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Table 1. Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 


CAS 


TRG 


WEx$ 


DSF 


DSF 


RAS 


CAS§ 


RAS 


WEL 
WEU 
CAS 


Reserved (do not use) 


L 


L 


L 


L 


X 


x 


X 


x 


x 




CBR refresh (no reset) and stop point 
set^ 


L 


X 


L 


H 


X 


Stop 
Point* 


X 


X 


X 


CBRS 


CBR refresh (option reset) 1 1 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


uriMivi wnio inonporsisisni wriis-per-Dii/ 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM write (persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 

AAAr 


Block 
Addr 
A2-A8 


X 


Col 

MaSK 


BW 


DRAM hlnoW u/rito 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X . . ■ Dont care 

Col Mask = H: Write to address/column enabled 

Write Mask = H: Write to I/O enabled 

t DQ0-DQ1 5 are latched on either the fi rst fa lling edge o f WEx or the falling edge of CAS, whichever occurs later. 

* Logic L is selected when either or both WEL and WEU are low. 

§ The column address and block address are latched on the falling edge of CAS. 

I CBRS cycle should be performed immediately after the power-up initialization cycle. 

* A0-A3, A8: don't care; A4-A7 : stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
ACBR refresh (no reset) mode will not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 2. Pin Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


SAM 


A0-A8 


Row, column address 




Rnw aHHrA^fi tan nnint 
nun ciuuiooo, tap 




CAS 


Column-address strobe, DQ output enable 




Tap-address strobe 




DQ 


DRAM data I/O, Write mask 








DSF 


Block-write enable 
Write-mask-register-load enable 
Color-register-load enable 
CBR (option reset) 




Split-register-transfer enable 




RAS 


Row-address strobe 




Row-address strobe 




SE 








SQ output enable, 








QSF output enable 


SC 








Serial clock 


SQ 








Serial data output 


TRG 


DQ output enable 




Transfer enable 




WEL 


Write enable, Write-per-bit enable 








WEU 








QSF 








Serial-register status 


NC/GND 


Make no external connection or tie to system GND 








v C c T 


5-V supply 








vss f 


Ground 









t For proper device operation, all Vqc pins must be connected to a 5-V supply and all Vss P' ns must be tied to ground. 



pin definitions 
address (A0-A8) 

Eighteen address bits are required to decode one of 262 144 storage cell lo cations. Nine row-address bits are 
set up on pins A0-A8 and latched onto the chip on the falling e dge o f RAS. Nine column-address bits are set 
up on pins A0-A8 and la tched onto the chip on t he fall ing edge of CAS. Ail addresses must be stable on or before 
the falling edge of RAS and the falling edge of CAS. 

During the full-register-transfer read operation, the states of A0-A8 are latch ed on the falling edge of RAS to 
select one of the 51 2 rows where the transfer occurs. At the falling edge of CAS, the column-address bits A0-A8 
are latched. The most significant column-address bit (A8) selects which half of the row is transferred to the SAM. 
The appropriate 8-bit column address (A0-A7) selects one of 256 tap points (starting positions) for the serial 
data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CAS. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row, and vice versa. Column address (A8) selects the 
DRAM half row. The remaining seven address bits (A0-A6) are used to select 1 of 127 possible starting 
locations within the SAM. Locations 127 and 255 are not valid tap points. 

row-address strobe (RAS) 

RAS i s sim ilar to a chip enable, so that all DRAM cycles and transfer c ycles are init i ated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto 
the chip to invoke DRAM and transfer functions of the TMS551 66. 
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column-address strobe (CAS) 

CAS is a control input that l atche s the states of the column address and DSF to control DRAM and transfer 
functions of the TMS55166. CAS also acts as output enable for the DRAM output pins, DQ0-DQ15. 

In transfer operations, address bits A0-A8 are latched at the falling edge of CAS as the start position (tap) for 
the serial data output (SQO -SQ1 5) . 

output enable/transfer select (TRG) 

The TR G pin selects either DRAM or transfer opera tion as RAS falls. For DRAM operation, TRG must be held 
high as RAS falls. During DRAM op eratio n, TRG functions as an out put e nable for the DRAM output pins, 
DQ0-DQ1 5. For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WEL, WEU) 

In DRAM operation, WEL enables data to be written to the lo wer by te ( DQ0- DQ7) and WEU enables data to 
be written to the upper byte (DQ8-DQ1 5) of t he DR AM . Both WEL and WEU have to be held high together to 
select the read mode. Bringing either or both WEL and WEU low selects the write mode. 

WEL and WEU are also used to selec t the D RAM write-per-bit mode of operation. If either or both WEL and WEU 
are brought low on the falling edge of RAS, the write-per-bit operation is invoked. The TMS551 66 supports both 
the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special function select (DSF) 

The DSF input is latched on the falling edge of RAS or CAS similar to an address. DSF determines which of 
the following functions are invoked on a particular cycle: 

• CBR refresh with no reset (CBRN) 

• CBR refresh with no reset and stop-point set (CBRS) 

• Block write (BW, BWM) 

• Loading write-mask register for the persistent write-per-bit mode (LMR) 

• Loading write-color register for the block-write mode (LCR) 

• Split-register-transfer read (SRT) 

DRAM data I/O, write mask data (DQ0-DQ1 5) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DQ output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 74 TTL load. Da ta out is the s ame polarity 
as data in. The outputs are in the high-impedance ( floatin g) s tate a s long as either TRG or CAS is held high. 
Data does not appear at the outputs until after both CAS and TRG have been brought low. The write mask is 
latched into the device via the random DQ pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation, the DQ outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQO- SQ1 5) 

Serial data is read from the SQ pins. The SQ output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 74 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The TMS551 66 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the serial 
data output. SE high disables the serial data output. SE is also used as an enable/disable for output pin QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of SE. This ungated serial clock scheme minimizes access time 
of serial output from SE low because the serial clock input buffer and the serial-address counter are not disabled 
bySE. 

special function output (QSF) 

QSF is an output pin that indicates which half of the SAM is being accessed. When QSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When QSF is high, the 
' pointer is accessing the higher (most significant) 128 bits of the SAM. QSF changes state upon crossing a 
boundary between the two SAM halves. 

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. The QSF output is enabled by SE. If SE is high, 
the QSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

The NC/GND pin should be tied to system ground or left floating for proper device operation. 
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functional operation description 
random access operation 



Table 3. DRAM Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15T 


MIME 

CODE 


CAS 


TRG 


WEx* 


DSF 


DSF 


RAS 


CAS§ 


RAS 


WEL 
WEU 
CAS 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 


— 


CBR refresh (no reset) and stop point 
set' 


L 


X 


L 


H 


X 


Stop 
Point # 


X 


X 


X 


CBRS 


CBR refresh (option reset) 1 1 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)'*' 


L 


X 


H 


H 


A 


X 


X 


X 


X 


CBRN 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM write (nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM write (persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

X - Dont care 

Col Mask = H: Write to address /column enabled 

Write Mask = H: Write to I/O enabled 

t DQ0-DQ15 are latched on either the fi rst fa lling edge of WEx or the falling edge of CAS, whichever occurs later. 

* Logic L is selected when either or both WEL and WEU are low. 

§ The column address and block address are latched on the falling edge of CAS. 

I CBRS cycle should be performed immediately after the power-up initialization cycle. 
#A0-A3, A8: don't care; A4-A7 : stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
ACBR refresh (no reset) mode will not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced-page-mode operation allows faster memory access by keeping the same row address while 
selecting random column addresses. This mode eli minat es the time required for r ow-address setup, 
row-address hold, and address multiplex. The maximum RAS low time and minimum CAS page cycle time are 
used to determine the number of columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the TMS55166 to operat e at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be prese nted im mediately after the row-address hold time has been 
satisfied, usual ly well in advance of the falling edge of CAS. In this case, data is obtained after t a (c) max ( access 
time from CAS low) if t a (CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing CAS low earlier than RAS. The external row address is ignored, 
and the refresh row address is generated internally. Three types of CBR refresh cycles are available. The CBR 
refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. The CBRN and CBRS 
refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. The 51 2 rows of the 
DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh is completed within 
the required time period, trf(MA)- The o utput buffers remain in the high-impedance state during the CBR refresh 
cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data 
of the DRAM read cycle remains valid while the refresh is being carried out. Like the CBR refresh, the refreshed 
row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CAS and TRG are low, the 
output buffers r emain in the high-impedance state to conserve power. Externall y gen erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 51 2 row addresses with RAS causes all bits in each row 
to be refreshed. 

extended data output 

The TMS551 66 features extende d dat a output during DRAM accesses. While RAS and T RG ar e low, the DRAM 
outp ut rem ain s vali d even when CAS returns high. The output remains valid until WEx is low, TRG is high, or 
both CAS and RAS are high. The extended-data-output mode functions in all read cycles including DRAM-read, 
page-mode-read, and read-modify-write cycles. 



RAS 



^ r 



CAS \ / | 

^ /■ M ->i — tais(RH) 

I 

DQ0-DQ15 ^ Valid Output 1 ^ 



-H *dls(G) 



TRG 



v _ ; — 

Figure 1. DRAM-Read Cycle With RAS-Controlled Output 
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extended data output (continued) 



RAS 



-*\ — tdis(CH) 
I 

DQ0-DQ15 — ^ Valid Output ^ 

_^ H H *dls(Q) 

- \ —J 

Figure 2. DRAM-Read Cycle With CAS-Controlled Output 



RAS 



CAS 



A0-A8 



DQ0-DQ15 



Row 



I Column 



i i 

ta (C ) I M H 

»a(CA) — U — 



s 



\ /T 



/ 




I Column 



th(CLQ) — U H | 



->l t a (CP) 

-*j ta(CA) 

~+\ ta(C) 



Valid Output 



Valid Output 



TRG 



/ 



Figure 3. DRAM-Page-Read Cycle With Extended Output 
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byte-write operation 

Byte-write operations can be applied in DRAM-write cycles , blo ck-wr ite cycles, load-write-mask-register cycles, 
and loa d-colo r-register cycles. Holding either or both WEL and WEU low sel ects th e write mode. In normal write 
cycles, WEL enables data to be written to the lower byte (DQ0 -DQ7) and WEU en ables data to be writt en to 
the upper byte (DQ8-DQ1 5). For ear ly-wr ite cycles, one WEx is brought low before CAS falls. The other WEx 
can be brought low befor e or a fter CAS falls. The data is strobed in with data setup and hold times for 
DQ0-DQ1 5 referenced to CAS (see Figure 4). 



RAS 



CAS 



WELt 



\ r 

\ /■ 

1 1 

^ LI f 



WEU 

tsu(DCL)" 



A i 

I* >\ th(CLD) 



DQ0-DQ15 <X>00^ Valid Input 



t Either WEx can be brought low prior to CAS to initiate an early-write cycle. 

Figure 4. Example of an Early-Write Cycle 
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byte-wrlte operation (continued) 

For late-write or rea d-m odify-w rite cycles, WEL and WEU are both held high before CAS falls. After CAS falls, 
either or both WEL and WEU ar e brought low to select the corresponding byte or bytes to be written. D ata is 
strobed in by WEL and/or WEU with data setup and hold times for DQ0-DQ15 referenced to whichever WEx 
falls earlier (see Figure 5). 



RAS 



\ 



CAS 



\ 



WEL 



WEU 



tsu(DWL) 



DQ0-DQ15 



\ 



/ 



th(WLD) 



Valid Input 



Figure 5. Example of a Late-Wrlte Cycle 
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write-per-blt 



The write-per-bit feature allows maskin g any co mbinat ion of the 1 6 DQs on any write c ycle. The write-per-bit 
opera tion is invoked when either or both WEL and WEU are held low on the falling edge of RAS. Either individual 
WEx allows entry of the entire 1 6-bit mask on DQ0-DQ1 5. Byte control of the mask input is not allowed. 



If both WEL and WEU are held high on the falling edge of RAS, the write operation is performed without any 
masking. The TMS55166 offers two write-per-bit modes: the nonpersistent write-per-bit and the persistent 
write-per-bit. 

nonpersistent write-per-bit 

When either or both WEL and WEU are low on the falling edge of RAS, the write mask is reloaded. A 1 6-bit binary 
code (the write-per-bit mask) is input to the device via the random DQ pins and latched on the falling ed ge of 
RAS. The write-per-bit mask selects which of the 1 6 random l/Os are to be written and which are not. After RAS 
has latched the on- chip w rite-per-bit mask, inpu t data is driven onto the DQ pi ns and is latched on either the 
first falling edge of WEx or the falling edge of C AS, w hichever occurs later. WEL enables the lower byte 
(DQ0-DQ7) to be written through the mask and WEU enables the upper byte (DQ8-DQ15) to be written 
through the mask. If a data low (write mask = 0) is strobed into a particular I/O pin on the falling edge of RAS, 
d ata is n ot written to that I/O. If a data high (write mask = 1) is strobed into a particular I/O pin on the falling edge 
of RAS, data is written to that I/O (see Figure 6). 



RAS 



CAS 



WEL 



\ 



WEU \^ 



tsu(DQR)- 



\ 



-*J— *h(RDQ) 



tsu(DWL)— j« H 



! i 

I I 
I I 



H th(WLD) 



DQ0-DQ15 



I Write Mask I 



Write Input I 



Figure 6. Example of a Nonpersistent Write-Per-Bit (Late-Write) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated only by performing a load-write-mask-register cycle first. In the 
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The load-write -mask -register cycle is performed using DRAM write-cycle timing except DSF is held high on the 
falling edge of RAS and held low on the falling edge of CAS. A bin ary co de is input to the wri te-ma sk register 
via the random I/O pins and latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. Byte-write control can be applied to the write mask during the load-write-mask-register cycle. The 
persistent write-per-bit mode can then be used in e xactly the same way as the nonpersistent write-per-bit mode 
except that the input data on the falling edge of RAS is ignored. When the device is set to the persistent 
write-per-bit mode, it remains in this mode and is reset only by a CBR refresh with option reset cycle 
(see Figure 7). 



Load Wrlte-Mask Register 

ras I \ r 



CAS 



Persistent Wrlte-Per-BIt 

r 



A0-A8 



Refresh 
I Address 



Row 



Column 



DSF 



WEx 



DQO- 
DQ15 



Wrlte-Mask 
Data 



Valid 
Input 



Mask Data = 1 : Write to I/O enabled 
* 0: Write to I/O disabled 



CBR Refresh (option reset) ' 



Figure 7. Example of a Persistent Wrlte-Per-BIt Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as (4 columns x 4 DQs) repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DQs per 
column (see Figure 8). 




4 Consecutive Columns of 0-511 



Figure 8. Block-Write Operaton 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The DQ data is provided by four bits from the on-chip color register. 
Bits 0 -3 from the 1 6-bit write-mask register, bits 0 -3 from the 1 6-bit column-mask register, and bits 0-3 from 
the 1 6-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 - 1 1 , and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 9). 
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block write (continued) 




Figure 9. Block Write With Masks 
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block write (continued) 

Every four columns make a block, which makes 128 blocks along one row. Block 0 comprises columns 0-3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11, etc., as shown in Figure 10. 

Block 0 Block 1 Block 127 



One Row of 0-511 


































0 1 2 3 4 5 6 7 511 



Figure 10. Block Columns Organization 

During block- write cycles, only the seven most significant column addresses (A2 - A8) are latched on the falling 
edge of CAS to decode one of the 128 blocks. Address bits A0-A1 are ignored. Each one-megabit quadrant 
has the same block selected. 

A block-write cycle is entered in a manner similar t o a D RA M write cycle except DSF is held high on the first 
falling edge of CAS. As in a DRAM write operation, WEL and WEU enable the corresponding lower and upper 
DRAM DQ bytes to be written , respectively. The c olumn -mask data is input via the DQs and is latched on either 
the first falling edge of WEx or the falling edge of CAS, whichever occurs later. The 16-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability allowing additional performance options. 

Example of block write: 

block-write column address = 1 1 0000000 (AO - A8 from left to right) 

bitO bit 15 



color-data register 


= 1011 


1011 


1100 


0111 


write-mask register 


= 1110 


1111 


1111 


1011 


column-mask register 


= 1111 


0000 


0111 


1010 




1st 


2nd 


3rd 


4th 




Quad 


Quad 


Quad 


Quad 



Column-address bits AO and A1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has DQ0-DQ2 written with bits 0-2 from the color-data register (101 ) to all four columns 
of block 0. DQ3 is not written and retains its previous data due to the write-mask register bit 3 being a 0. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column mask bits 4 -7 being 0, 
so that no data is written. 

The third quadrant (DQ8-DQ11 ) has its four DQs written with bits 8-11 from the color-data register (1100) to 
columns 1 -3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to the 
column-mask-register bit 8 being 0. 

The fourth quadrant (DQ12-DQ15) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its Block 0. DQ1 3 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 15 after 
the block-write operation shown in the previous example. 
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block write (continued) 




Columns 0 12 3 



Figure 11 . Example of Fourth Quadrant After Block-Write Operation 

load color register 

The load-color-register cycle is p erform ed using normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS an d CAS . The color register is loa ded from pins DQ0-DQ15, which are la tched 
on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. If only one WEx is low, 
only the corresponding byte of the color register is loaded. When the color register is loaded, it retains data until 
power is lost or until another load-color-register cycle is performed (see Figure 12 and Figure 13). 



| Load-Color-Register Cycle | Block-Write Cycle j Block-Write Cycle | 

| I (no write mask) I (load and use write mask) j 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2- A8) is latched on the falling edge of CAS. 

4. Color-register data 

5. Write-mask data: DQO-DQ 15 are latched on the falling edge RAS. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of WEx or the falling edge of CAS, whichever 

occurs later. 

-dontcare 

Figure 12. Example of Block Writes 
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load color register (continued) 



Load-Mask-Register Cycle | Load-Color-Register Cycle | Persistent Block-Write Cycle 
| | (use loaded write mask) 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the falling edge of CAS. 

4. Color-register data 

5. Write-mask data: DQO- DQ1 5 are latched on the falling edge RAS. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 12) are latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. 

<»«»}>- don't care 

Figure 1 3. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM arr ay is s elected 
to be tr ansfer red to the 256-bit serial-dat a reg ister. The transfer operation is invoked by bringing TRG lo w and 
holding WEx high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 



Table 4. SAM Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15 


MNE 
CODE 


CAS 


TRG 


WExt 


DSF 


DSF 


RAS 


CAS 


RAS 


CAS 
WEx 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 



t Logic L is selected when either or both WEL and WEU are low. 
X = don't care 
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full-reglster-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and la tched at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO - A8) are latched at the falling edge of CAS, where address bit A8 selects which half of the row is transferred. 
Address bits A0-A7 select one of the SAM's 256 available tap points from which the serial data is read out 
(see Figure 14). 




512x512 
Memory Array 



256-Bit 
Data Register 



Figure 14. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 15). 



Early Load 



Real-Time Load 



Late Load 



CAS 



A0-A8 



WEx 



SC 




Row Tap 
Point 

trg r\y 



I ria»« Bit 



Figure 15. Example of Full-Register-Transfer Read Operations 
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spllt-reglster-transfer read 

In the split-register-transfer read operation, the serial-data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 128-255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 




Figure 16. Split-Register-Transfer Read 

To invoke a split-r egiste r-transfer read cycle, DSF is brought high, TRG is brought low, and both are la tched at 
the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS to select 
one of the 51 2 rows avai lable for the transfer. Eight of the nine column-address bits (AO - A6 and A8) are latched 
at the falling edge of CAS. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits A0-A6 select one of the 1 27 tap points in the specified half pf the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half. 



^""" ^FuliXFERy / \ ^SpiHXFER ^/ N^ SplIt XFEJy / \^ SpHt XFER ^/"~ 



A8»0 



511 



DRAM 



A 


B 






\ 


\ 








-J 
















A8-1 

A7 « Ot 511 



A 


B 


C 








/ 

4- 














-4- 







A8»1 
A7«lt 511 



A 


B 


c 


D 








T 














■J 





0 J 2 55 



SQ 



A8»0 
0 A7»0t 



511 



A 


B 


C 


D 


E 








\ 

















of 255 

^SQ 

tA7 shown Is internally controlled. 

Figure 17. Example of a Split-Register-Transfer Read Operation 




A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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split-register-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial-access operation. When QSF is low, 
the serial-address pointer is accessing the lower (least significant) 1 28 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most significant) 128 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 



RAS 



Full-Register-Transfer Read 
With Tap Point N 

r 



Split-Register 
Transfer Read 



y 



ca§ 

TRQ ' 
DSF 
SC , 

QSF 



td(CLQSF) ■ 



s 



j v 



*r td(GHQSF) 



Tap 
Point N 



Figure 18. Example of a Split-Register-Transfer Read After a Full-Register-Transfer Read 



RAS 



CAS 



TRQ 



DSF 



Split-Register 
Transfer Read 
With Tap Point N 

^ 



Split-Register 
Transfer Read 




td(RHMS)H« +1 j 4 " ^ *d(MSRL) 




QSF 



Figure 19. Example of Successive Split-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 20. 



\ • 


1 


2 




Tap 


— ^ • • • 


| 254 | 255 | 



Figure 20. Serial Pointer Direction for Serial Read 



For split-register operation, serial data can be read out from the active half of the SAM by clocking SC starting 
at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds 
sequentially to the most significant bit of the half, bit 1 27 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 21). 



Tap 



126 



127 | | 128 | • • • | Tap 



254 255 



Figure 21 . Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
the least significant bit of the inactive half (bit 128 or bit 0) (see Figure 22). 



1 








i i—^—i H*n 










1 • 


• • • 


Tap 




126 | 127 | | 128 


• • • 




254 | 255 | 



Figure 22. Serial Pointer for Split-Register Read - Case II 

split-register programmable stop point 

The TMS551 66 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve 2-D drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 23). 



Partition 
Length"""** 



127 128 



255 



_ Stop 
Points 



Figure 23. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Sto p-poin t mode is not active until the CBRS cycle i s initia ted. The CBRS oper ation is performed by holding CAS 
and WEx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM's partition length. The other row address inputs are don't care. 
Stop-point mode should be initiated after the initialization cycles have been performed (see Table 5). 



Table 5. Programming Code for Stop-Point Mode 



MAXIMUM 
PARTITION 
LENGTH 


ADDRESS AT RAS IN CBRS CYCLE 


NUMBER OF 
PARTITIONS 


STOP-POINT LOCATIONS 


A8 


A7 


A6 


A5 


A4 


AO- A3 


16 


X 


L 


L 


L 


L 


X 


16 


15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 
191,207,223,239,255 


32 


X 


L 


L 


L 


H 


X 


8 


31, 63, 95, 127, 159, 191, 223, 255 


64 


X 


L 


L 


H 


H 


X 


4 


63,127,191,255 


128 
(default) 


X 


L 


H 


H 


H 


X 


2 


127,255 



In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines in which SAM 
partition the serial output begins and at which stop point the serial output stops coming from one half of the SAM 
and switches to the opposite half of the SAM (see Figure 24). 



— V Full / V Spilt / V Split / v Split /— 

RAS \ReadXFER/ \ReadXFER/ VteadXFER/ VteadXFER/ 

Tap«H1 Tap«L1 Tap»H2 Tap.L2 

HI 191 L1 63 H2 255 L2 



L1 



SAM Low Half 
63 



L2 



127 128 

□ IZ 



H1 



SAM High Half 
191 



H2 



255 



Figure 24. Example of Split-Register Operation With Programmable Stop Points 
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256-/512-bit compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible both for 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AY8 are internally swapped to assure the compatibility (see Figure 25). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit AY8 is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR option reset (CBR) 
cycle is not recommended because this ends the stop-point mode and restores address bits AY7 and AY8 to 
their normal functions. Consistent use of CBR cycles ensures that the TMS551 66 remains in nomal mode. 



NON STOP-POINT MODE 
AY8 = 0 AY8 = 1 

AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 1 



STOP-POINT MODE 
AY8 = 0 AY8«1 
AY7 = 0 AY7 ■ 1 AY7 = 0 AY7 = 1 




512x512 
Memory Array 



256-Bit 
Data Register 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



255 



Figure 25. DRAM-to-SAM Mapping, Non Stop Point Versus Stop Point 

IMPORTANT: For proper device operation in the split-register stop-point mode, a CBRS cycle should be initiated 
right after the power-up initialization cycles have been performed. 



power up 



To achi eve pr oper device operation, an initial pause of 200 us is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are needed to initialize the SAM port. 

After initialization, the internal state of the TMS551 66 is as follows: 





STATE AFTER INITIALIZATION 


QSF 

Write mode 
Write mask register 
Color register 
Serial-register tap point 
SAM port 


Defined by the transfer cycle during initialization 

Nonpersistent mode 

Undefined 

Undefined 

Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc (see Note 1) -1 V to 7 V 

Voltage range on any pin -1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1 .1 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Ail voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vss Supply voltage 


0 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONSt 


SAM 
PORT 


'55166-60 


•55166-70 


'55166-80 


UNIT 


Mlkl MAY 
Ml Pi IWMyv 


MIM MAY 
MIN MMA 


MIM MAY 


» . niyn-iovoi ouipui 

0H voltage 


lOH * -1 m A 




2.4 


2.4 


2.4 


V 


w Low-level output 
V ° L voltage 


lOL ■ 2 mA 




0.4 


0.4 


0.4 


V 


. Input current 
(leakage) 


VCC-5.5V, 

V|«0Vto5.8V, 

All other pins at 0 V to Vcc 




±10 


±10 


±10 


ma 


. Output current 
0 (leakage) 


Vcc ■ 5.5 V, Vo - 0 V to Vqc 
See Note 3 




±10 


±10 


±10 


uA 


•CC1 Operating current * 


See Note 4 


Standby 


180 


165 


150 


mA 


'CC1 A Operating current * 


tc(SC)-MIN 


Active 


225 


205 


185 


mA 


'CC2 Standby current 


All clocks ■ Vcc 


Standby 


5 


5 


5 


mA 


'CC2A Standby current 


tc(SO-MIN 


Active 


70 


65 


60 


mA 


' RAS-only refresh 
'CC3 current 


See Note 4 


Standby 


180 


165 


150 


mA 


. RAS-only refresh 
•CC3A curr ent . 


tc(SC) -MIN, See Note 4 


Active 


225 


205 


185 


mA 


ICC4 Page-mode current* 


tc(p) = MIN, See Note 5 


Standby 


140 


140 


120 


mA 


•CC4A Page-mode current* 


tc(SC) = MIN . See Note 5 


Active 


185 


185 


165 


mA 


'CC5 CBR current 


See Note 4 


Standby 


180 


165 


150 


mA 


'CC5A CBR current 


tc(sc) ■ MIN, See Note 4 


Active 


225 


205 


185 


mA 


'CC6 Data-transfer current 


See Note 4 


Standby 


200 


180 


160 


mA 


'CC6A Data-transfer current 


te(sc) ■ M,N 


Active 


250 


225 


200 


mA 



t For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 
* Measured with outputs open 

NOTES: 3. SI is disabled for SQ output leakage tests. 

4. Measured with one address change while RAS = V|i_. tyrd). *c( W). k;(TRD) s MIN. 

5. Measured with one address change while CAS > V|h 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, address inputs 


6 


PF 


Cj(RC) Input capacitance, address strobe inputs 


7 


PF 


Cj(w) Input capacitance, write enable input 


7 


PF 


Cj(SQ Input capacitance, serial clock 


7 


PF 


Cj(SE) Input capacitance, serial enable 


7 


PF 


C'i(DSF) Input capacitance, special function 


7 


PF 


c i(TRG) Input capacitance, transfer register input 


7 


PF 


C 0 (0) Output capacitance, SQ and DQ 


7 


PF 


c o(QSF) Output capacitance, QSF 


9 


PF 



NOTE 6: Vqc 38 5 v * 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


TEST 


ALT. 


'55166-60 


'55166-70 


'55166-80 


UNIT 


CONDITIONSt 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(C) 


Access time from CAS 


td(RLCL) = MAX 


tCAC 


17 


20 


20 


ns 


ta(CA) 


Access time from column address 


td(RLCL) = MAX 


tAA 


30 


35 


40 


. ns 


ta(CP) 


Access time from CAS high 


td(RLCL) - MAX 


*CPA 


35 


40 


45 


ns 


*a(R) 


Access time from RAS 


td(RLCL) ■ MAX 


tRAC 


60 




80 


ns 


l a(uj 


Access time of DQ from TRG low 




tOEA 


15 


20 


20 


ns 


ta(SQ) 


Access time of SQ from SC high 


C|_ = 30 pF 


tSCA 


15 


20 


25 


ns 


^(SE) 


Access time of SQ from SI low 


= P~ 


*SEA 


12 


15 


20 


ns 


tdis(CH) 


Disable time, random output from 
CAS high (see Note 8) 


Cl = 50 pF 


tOFF 


0 


15 


0 


20 


0 


20 


ns 


tdis(RH) 


Disable time, random output from 
RAS high (see Note 8) 


C|_*50pF 




0 


15 


0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from 
TRG high (see Note 8) 


Cl = 50 pF 


tOEZ 


0 


15 


0 


20 


0 


20 


ns 


*dis(WL) 


Disable time, random output from 
WE low (see Note 8) 


CL*30pF 


tWEZ 


0 


15 


0 


20 


0 


20 


ns 


tdis(SE) 


Disable time, serial output from 
SE high (see Note 8) 


Cl = 30 pF 


tSEZ 


0 


10 


0 


15 


0 


20 


ns 



t Measured with outputs open. For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
NOTES: 7. Switching times for RAM port output are measured with a load equivalent to 1 TTL load and 50 pF. Data out reference level: 



Voh / v OL s 2 V/0.8 V. Switching times for SAM port output are measured with a load equivalent to 1 TTL load and 30 pF. Serial data 
out reference level: Voh / v OL B 2 V/0.8 V. 
8. tdis(CH), tdis(RH). tdis(G). ^isO/VL). and tdis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





ALT. 
SYMBOL 


'55166-60 


'55166-70 


'55166-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tcfrd) Cycle time, read 


tRC 


110 


130 


150 


ns 


tcAM Cycle time, write 


*WC 


110 


130 


150 


ns 


tc(rdW) Cycle time, read-modify-write 


tRMW 


150 


175 


200 


ns 


*c(P) Cycle time, page-mode read, write 


tpc 


30 


30 


35 


ns 


tc(RDWP) Cycle time, page-mode read-modify-write 


tPRMW 


80 


90 


100 


ns 


tcfTRD) Cycle time, transfer read 


tRC 


110 


130 


150 


ns 


tc(SC) Cycle time, serial clock (see Note 9) 


tscc 


18 


22 


30 


ns 


*w(CH) Pu,se duration, CAS high 


tcPN 


10 


10 


10 


ns 


WCU Pulse duration, CAS low (see Note 10) 


tCAS 


10 10 000 


10 10000 


20 10 000 


ns 


*w(RH) Pulse duration, RAS high 


tRP 


40 


50 


60 


ns 


*w(RL) Pulse duration, RAS low (see Note 1 1 ) 


tRAS 


60 10 000 


70 10000 


80 10 000 


ns 


*w(WL) Pulse duration, WEx low 


twp 


10 


10 


15 


ns 


WTRG) Pulse duration, TRG low 




15 


20 


20 


ns 


t w (scH) Pulse duration, SC high (see Note 9) 


tsc 


5 


8 


10 


ns 


t w (SCL) Pulse duration, SC low (see Note 9) 


tSCP 


5 


8 


10 


ns 


*w(GH) Pulse duration, TRG high 


*TP 


20 


20 


20 


ns 


WrUP Pulse duration, RAS low (page mode) 


tRASP 


60 100 000 


70 100000 


80 100 000 


ns 


t su /cA) Setup time, column address before CAS low 


tASC 


0 


0 


0 


ns 


tsu(SFC) Setup time, DSF before CAS low 


tFSC 


0 


o 


0 


ns 


tsu(RA) Setup time, row address before RAS low 




0 


0 


0 


ns 


*su(WMR) Setup time, WEx before RAS low 


tWSR 


0 


0 


0 


ns 


tsu(DQR) Setup time, DQ before RAS low 


l MS 


a 
U 


A 
U 


A 

U 


ns 


l SU(TRG) v>©iup ume, i rfva nign Deiore n/\o low 


*THS 


A 

w 


A 
U 


A 
U 


ns 


*su(SFR) oeiup ume, u&r low oeiore rv\o low 


«... 
l FSR 


a 
U 


A 
U 


A 
U 


ns 


tsu(DCL) Setup time, data valid before CAS low 


tDSC 


A 


A 
U 


A 
U 


ns 


t«.. ./rMiwi \ finttin timA riata \zaliH hafrtro WPv lr»w 

l SUlUWLj wOlUJ^ WHO, VICIICI VOIIVJ UOIUIO v v l—a iuw 


*DSW 


o 


0 


o 


ns 


. Setup time, read command, WEx high before 
*~W> UA§low 


tRCS 


0 


0 


0 


ns 


. Setup time, early write command, 
tsu(WCL) WEx low before CAS low 


twcs 


0 


0 


0 


ns 


t su (WCH) Setup time, WEx low before CAS high, write 


tCWL 


15 


15 


20 


ns 


tsu(WRH) Setu P time, WEx low before RAS high, write 


tRWL 


15 


15 


20 


ns 


thfCLCA) Hold time, column address after CAS low 


tCAH 


10 


10 


15 


ns 


th(SFC) Ho,d time » DSF after CAS low 


tCFH 


10 


10 


15 


ns 



t Timing measurements are referenced to V|l max and Vih min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

1 0. In a read- modif y-write cycle, tycLWL) and tsu(WCH) must be observed. Depending on the user's transition times, this may require 
additional CAS low time [t w (CL)l- 

11. In a read- modif y-write cycle, td(RLWL) and t S u(WRH) must be observed. Depending on the user's transition times, this may require 
additional RAS low time [t w (RL)]. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (contlnued)t 





ALT. 
SYMBOL 


•ecu ee_en 


'RCHCC 7A 

551 00-7G 


551 OO-OU 


UNIT 


MIN MAa 


MIM MAY 


Mlfcl 11 A V 


« % +irv>A rAui oHWrAee affAr D AO I/ma/ 

M"i(RA) noiu iime, row address aner hmo iow 


*RAH 


IU 


i A 
IU 


in 

IU 


ns 


♦l. /-r>m^s\ U/\lrl tlma TDA offar DAC I/ml* 

*h(TRG) noiu iime, i nva aner nno iow 


tTHH 


IU 


in 


IU 


ns 


th(RWM) Hold time, write mask after RAS low 


tRWH 


10 


10 


10 


ns 


th(RDQ) Hold tlme » °Q after RAS low (write-mask operation) 


tMH 


10 


10 


10 


ns 


*h(SFR) Hold time » DSF after RAS low 


*RFH 


10 


10 


10 


ns 


. Hold time, column address valid after RAS low 
"v" 1 -^/ (see Note 12) 


*AR 


30 


30 


35 


ns 


*h(CLD) Hold time, data valid after CAS low 


*DH 


15 


15 


15 


ns 


th(RLD) Hold time, data valid after RAS low (see Note 1 2) 


*DHR 


35 


35 


35 


ns 


th(WLD) Hold time, data valid after WEx low 


*DH 


15 


15 


15 


ns 


. Hold time, read, WEx high after CAS high 

Hl(CHrd) /eooMntAl^ 
* ' \5oo INOlo 1 0/ 


tRCH 


0 


0 


0 


ns 


Hold time, read, WEx high after RAS high 
th(RHrd) (see Note 13) 


tRRH 


0 


0 


0 


ns 


*h{CLW) Hold time, write, WEx low after CAS low 


*WCH 


10 


15 


15 


ns 


th(RLW) Hold time, write, WEx low after RAS low (see Note 1 2) 


twCR 


30 


35 


35 


ns 


th(WLG) Hold time, TRG high after WEx low (see Note 14) 


tOEH 


10 


10 


1 <> 


ns 


th(SHSQ) Hold time, SQ after SC high 


*SOH 


4 


5 


5 


ns 


th(RSF) Hold time, DSF after RAS low 


*FHR 


30 


30 


35 


ns 


t n (CLQ) Hold time, output valid after CAS low 


tDHC 


4 


5 


5 


ns 


td(RLCH) Delay time, RAS low to CAS high 




*CSH 


53 


60 


80 


ns 


See Note 15 


*CHR 


10 


10 


15 


td(CHRL) Delay time, CAS high to RAS low 


tCRP 


o 


0 


0 


ns 


*d(CLRH) Delay time, CAS low to RAS high 


tRSH 


17 


OA 

zu 




ns 


Delay time, CAS low to WEx low 
td(CLWL) ( see Notes \ 6 and 1 7) 


tcWD 


37 


45 


45 


ns 


kl(RLCL) Delay time, RAS low to CAS low (see Note 1 8) 


tRCD 


20 43 


20 50 


20 60 


ns 


td(CARH) Delay time, column address valid to RAS high 


tRAL 


30 


35 


40 


ns 


td(CACH) Delay time, column address valid to CAS high 


tCAL 


30 


35 


40 


ns 


td(RLWL) Delay time, RAS low to WEx low (see Note 1 6) 


tRWD 


80 


95 


105 


ns 


. Delay time, column address valid to WEx low 
td(CAWL) (see Note 16) 


tAWD 


50 


60 


65 


ns 


td(CLRL) Delay time, CAS low to RAS low (see Note 1 5) 


tCSR 


0 


0 


0 


ns 


td(RHCL) Delay time, RAS high to CAS low (see Note 1 5) 


tRPC 


0 


o 


0 


ns 


td(CLGH) Delay time, CAS low to TRG high for DRAM read cycles 




17 


20 


20 


ns 


*d(GHD) Delay time, TRG high before data applied at DQ 


tQED 


10 


15 


15 


ns 



f Timing measurements are referenced to V||_ max and V|h min. 



NOTES: 12. The minimum value is measured when td(RLCL) is set t0 kl(RLCL) m,n 35 a reference. 

13. Either th(RHrd) ort h(CHrd) must be satisfied for a read cycle. 

1 4. Outp ut-ena bte-co ntrolled write. Output remains in the high-impedance state for the entire cycle. 

15. CAS-before-RAS refresh operation only 

16. Read -modify-write operation only 

17. TRG must disable the output buffers prior to ap plying data to the DQ pins. 

1 8. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued)t 





ALT. 
SYMBOL 


551 66-60 


55166-70 


55166-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tdfRLTH) Dela y time < RAS low t0 TRG h '9 h ( see Note 19 ) 


tRTH 


50 


55 


60 


ns 


. Delay time, RAS low to first SC high after TRG high 
-uvnuv?ny (see Note 19) 


*RSD 


65 


70 


80 


ns 


td (RLCA) Delay time, RAS low to column address valid 


tRAD 


15 30 


15 35 


15 40 


ns 


td(GLRH) Delay time » TRG low to RAS high 


*ROH 


10 


15 


15 


ns 


Delay time, CAS low to first SC high after TRG high 
td(CLSH) (see Note 20) 


tcSD 


on 


on 


Of> 


ns 


Delay time, SC high to TRG high 
kJ(SCTR) (see Notes 19 and 20) 


*TSL 


e 
O 


e 

o 


e 
O 




tdfTHRH) °e ,a y time, TRG high to RAS high (see Note 1 9) 


*TRD 


-10 


-10 


-10 


ns 


td(THRL) D © ,a y time, TRG high to RAS low (see Note 21 ) 


tTRP 


40 


50 


60 


ns 


td(THSC) Delay time, TRG high to SC high (see Note 1 9) 


tjSD 


10 


10 


1 5 


ns 


Delay time, RAS high to last (most significant) rising 
*d(RHMS) ed 9 e of sc before boundary switch during 
split-register-transfer read cycles 




15 


20 


20 


ns 


Delay time, CAS low to TRG high in real-time transfer 
kJ(CLTH) rea d cycles 


tCTH 


15 


15 


15 


ns 


Delay time, column address to first SC in early-load 
kJ(CASH) transfer read cycles 


tASD 


25 


25 


30 


ns 


Delay time, column address to TRG high in real-time 
kJ(GAGH) transfer read cycles 


tATH 


20 


20 


20 


ns 


td(DCL) Delay time, data to CAS low 


*DZC 


0 


0 


0 


ns 


kl(DGL) Delay time, data to TRG low 


tDZO 


0 


0 


0 


ns 


Delay time, last (most significant) rising edge of SC to 
td(MSRL) RAS low before boundary switch during split-transfer 
read cycles 




15 


20 


20 


ns 


Delay time, last (1 27 or 255) rising edge of SC to QSF 
td(scQSF) switching at the boundary during split-register-transfer 
read cycles (see Note 2222) 


tsQD 


20 


25 


30 


ns 


Delay time, CAS low to QSF switching in transfer read 
td(CLQSF) cyc j es ( see Note 2 222) 


tcQD 


25 


30 


35 


ns 


Delay time, TRG high to QSF switching in transfer read 
td(GHQSF) cycles (see Note 2222) 


*TQD 


20 


25 


30 


ns 


Delay time, RAS low to QSF switching in transfer read 
td(RLQSF) cyc | es ( See Note 2222) 


tRQD 


65 


70 


75 


ns 


Vf(MA) Refresh time interval, memory 


tREF 


8 


8 


8 


ms 


tt Transition time 


tT 


3 50 


3 50 


3 50 


ns 



t Timing measurements are referenced to V||_ max and Vih min. 



NOTES: 19. Real-time load transfer read or late-load transfer read cycle only 

20. Early-load transfer read cycle only 

21. Full-register (read) transfer cycles only 

22. Switching times for QSF output are measured with a load equivalent to 1 TTL load and 30 pF and output reference level is 
VOH/VOL = 2V/0.8V. 
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PARAMETER MEASUREMENT INFORMATION 



! w- 



* t w (RL) - 



tc(rd)- 



RAS 



- *d(RLCH) ' 



4 |4t-«w(RH)- 



tt-w k- 



\4— td(RLCL) N 



W td(CLRH) W 



CAS 




|4j- *d(CHRL) 



I 



- t W (cg —J- 



td(RLCA)f-W 



• td(CACH) * 



th(RA) i>| 



\ 



tsu(RA) -W |4- I 

I I t 8U (CA) 



-w i I 

\ < j | *d(CARH) - 

th(RLCA) W 

I \M t h (CLCA)| 



I 



j/j* *w(CH)^2V 



A0-A8 



*SU(SFR) -H 



DSF 



t8U(TRG)"W ftf 



TRG 



WEx 



td(DGL) 



DQ0-DQ15 Data In 




Figure 26. Read-Cycle Timing With CAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 



RAS ' 



«w(RL)" 

" Vl(RLCH) — 



■km- 



-w 



i ! 



+ 



| W— td(RLCL) — W . 
|«+- td(CHRL) N- t w(CL ) — W 



I 

I \4 — t W (RH)— & 
\4 *d(CLRH) ' W J 



CAS 




I 



td(RLCA) 
th(RA) H>l 



LI ! 



' I I 

'h(RLCA) 



N — n 



■ *w(CH) " 



td(CARH) | | W 

I ! i 



tsu(RA) |«f I j ^ | | 



I 

-W- td(CACH) 



*h(CLCA) | | 



A0-A8 



DSF 



TRG 



K~ t h (TRG)| | 

I j ->j i K~ th(RHrd) 

th(CHrd) — 4lh 



K- t W (TRG) M I 



td(GLRH) 



I I 
I I 



tsu(rd) 



WEx 




II I 
WW I 

I . I 



td(DGL) 14- 



DQ0-DQ15 Data ,n 



I I M- tdls(G) ~>| 

k-t fl (G)-H W- ^(RH) >| 

— c 



Data Out 



> 



ta(C)- 



- t a (CA) ■ 



-*a(R)' 





Figure 27. Read-Cycle Timing With RAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 



tc(W)- 



RAS 



R. 



■ tw(RL) ■ 



t t -*j k~ 



• t<J(RLCH) ' 



I k" «d(RLCL) -H 



■ *d(CLRH) " 



CAS 



*d(CHRL) 



| |* — th(RLCA) - 
th(RA) -fH kr Wr 



' *w(CL) " 



I K-t, | 

. I |*f-td(CHRg-W 




• t W (CH) " 



I 

td(RLCA) -fij- 

ts u(RA) - H 
A0-A8 #6555tf Row i] 



td(CACH) N | 

Kj-tsu(CA) I 

* j k — H-^tCLCA) I 




■ *d(CARH) 



«su(SFR) 



th(SFR)-W H~ 



i Column T 

-*| |U|tsu(SFC) 
th(RSF) 




I I 



DSF 




"W |4-t h( TRG) ! 
tsu(TRGr>! W" ! « 



I I 



TRQ 



1-f 



I I 
I I 

tsu(WMR)~*l j*| 

! i r* 




WEx 



th(RWM)-h-W |4- | 




tsu(DQR)-*j 

th(RDCT^- 



1 — 

H — *h(RLW) " 



■ tsu(WCH) - 
' tsu(WRH) 



* *h(CLW) - 

gr tsu(WCL) 



DQ0-DQ15 



-*l k- tsu(DCL) 
— j *h(RLD) 



th(CLD) • 



2 l> 



Figure 28. Early-Wrlte-Cycle Timing 
Table 6. Eariy-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Dont care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Dont care 


Valid data 
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N — 

J K 



PARAMETER MEASUREMENT INFORMATION 

*c(W) 



RAS 



- *w(RL) ■ 



y. — \ 



->| kf *d(CHRL) 



- *d(RLCH) ■ 



tw(RH) 



td(CLRH) • 



j K-J-^ ^CHRL)' 



CAS 




— td(RLCL) 

J 



i i 



- t w (CL) " 



*d(RLCA) J — f^"" 

] \4 — — th(RLCA) 

«.u(RA) -* Kf , ^ j_ ^ CAm . 



3t 



I 

, ■ I 
I I | 



- tw(CH) ■ 



A0-A8 




DSF 



tsu(SFR)->| N+ 

*h(SFR ) f-W |4~ 

" j ! ! i m 



th(RSF) f-f 

tsu(SFC) 
W -»hth(SFC) 



TRG 



WEx 



DQ0-DQ15 




tsu(DQR)-*| kj" 



Flgure 29. Late-Wrlte-Cycle Timing (Output-Enable-Controlled Write) 
Table 7. Late-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Dont care 


Valid data 



Texas 
Instruments 

5-286 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS55166 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 66B - OCTOBER 1993 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 




-W K| «»u(SFR) | | 



DSF 



TR5 



th(SFR) .-[*] f«- 



*h(RSF) - 

! i r 



-N— th(SFC) 



I I 
I I 
I I 



I i £ 

tsuCTRG) -*\ | I 1 




I I 



<tu(WMR) 



th(RWM) 



T 

I 

W 

I 




kJ-4- 



rTT 



*8U(WCH) — 
— *SU(WRH)- 



■th(RLW)' 



th(CLW) • 



WEx 



DQ0-DQ15 



i I -») W- *su(WCL) 

m/ j wH — 

I -W Hft8 U(D CL) 



*h(RLD)- 



*h(CLD)" 



Write Maskt 



t Load-write-mask-register cycle will put the device into the persistent write-per-bit mode. 

Figure 30. Load-Write-Mask-Register-Cycle Timing (Early-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



DSF 



TRG 



WEx 




tsu(SFR) 



t«u(WMR)->| |4" 



t su(DWL) -j>J Hf 
th(RLD) 



*h(WLD) 



DQ0-DQ15 



Write Maskt 



t Load-write-mask-register cycle will put the device into the persistent write-per-bit mode. 

Figure 31 . Load-Write-Mask-Register-Cycle Timing (Late-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 

Eas 

tsu(RA) - 



A0-A8 




J t8 U( CA) ~>j ky 
k f th(RLCA) I | M 



WEx 



DQ0-DQ15 



td(RLCA) 

i * 



• th(CLCA) 
td(CACH) ■ 




Figure 32. Read-Write/Read-Modify-Write-Cycle Timing 
Table 8. Read-Write/Read-Modify-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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CAS 



— v r 



PARAMETER MEASUREMENT INFORMATION 

— *w(RL)P 



«w(RH)-*| 

H 



t«u(RA)->| 



L 



A0-A8 



DSF 



m. 



td(CHRL) j«-t w( CL)>| 

~ td(RLCA)~>| jSL 
«d(RLCH) J-T 



■ td(CLRH) • 



ktsu(CA> -M — W L 
, *h(RA)>| I | p 

th(RLCA) — tnr 



V(CH)— *j i 
«c(P)-i 4X 



Row 



->{- *h(CLCA) 

■>! 1 



Column 



tsu(SFR) | 



*h(SFR) 



TT 

I I 




td(CACH) — M 
j — kl(CARH) 



Column 



T 




->}-td(CLGH) 




TRG 



WEx 



*8U(TRG) 



*t *h(TRG) 



|4+ tau(WMR) 



i 

«su(rd) 



TT 

! I 



th(RHrd) 




td(DGL) 



4w 

fr- tyCA) 



! a(C) 



th(CLQ) |* M 



• ta(CA) f 



ta(R)* 



DQO- 
DQ15 



Data 



■ *a(CP) f - 



Data Out 



j tdia^L) 
i I 
jtdls(RH)T*-->| 

tdls(G) 



X 



Data Out 



N td(DCL) ►! 

t Access time is t a (CP) or t a (CA) dependent. 

* Output can go from tne high-impedance state to an invalid data state prior to the specified access time. 

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the w rit e and read-modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CAS to select the desired write 
mode (normal, block write, etc.). 

Figure 33. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

*W(RL)P 



RAS 



CAS 




|<T td(CHRL) 



^ ^k-t h(RA) 



AO 
A8 



DSF 



TRG 



WEx 



- td(RLCH) " 



" td(RLCL) " 



-tc(P)- 



H — *h~ tw < cL > 



Mch)- 



-W tw(RH)|-j4->l 



*d(RLCA) — 
tsu(CA) 



r 



I th(CLCA)-f4 
*h(RLCA) ' 




Row 




Column 



U- tsu(SFR) 

— *d(RSF) 



<-th(SFR) 



TT 

1_L 



tsu(SFC) | ^ » | 



*su(TRG) 
" th(TRG) ■ 




i i 
i i 



-►! W— «d(CLRH) — »n . 
! I }«- td(CHRL) -» 



*d(CACH) ►{ 

f- td(CARH) - 

I I I 



I 



Column 



->}- th(SFC) 



TT 




->[— *h(SFC) 




* N— tsu(SFC) 




I I 

->( j*j tsu(WMR) 

I j }^t h( RWM)-»| 



See Note A 



*su(WCH) 



*su(WCH) (4- 




|4- t W (WL) • 

I I 



W- *su(WRH) • 



^tsu(DQR) i^^to* 



tsu(DCL) f -U 



J l 



' th(RDQ) ' 



th(CLD) T 



r 



f-th(RLD)- 



" th(WLD) + ■ 



DQO- 
DQ15 



t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 

NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRG must re main h igh throughout the entire page-mode operation if the late write 
feature i s used . If the early-write-cycle timing is used, the state of TRG is a dont care after the minimum period th(TRG) from the falling 
edge of RAS. 

Figure 34. Enhanced-Page-Mode Write-Cycle Timing 
Table 9. Enhanced-Page-Mode Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write-mask register on either the first falling edge of 
WEx or the falling edge of CAS, whichever occurs later.* 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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RAS 



CAS 



A0-A8 



DSF 



PARAMETER MEASUREMENT INFORMATION 

*w(RL)P 



- td(RLCH) 



V (CHRL) » fe * 

|»| K-th(RA)|\ J^-— - W(CL)-— »j /T 
td(RLCA)+«T ' " ' 



TRG 



WEx 




DQ0-DQ15 Ayx ^ XAAAjr , 

I liH H-t a( G)t | | tyDGL)-*! H(- I | N Valid Out 

H-t a(R) t_^ -*lk- ta( C )t 

t Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

NOTE A: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
Figure 35. Enhanced-Page-Mode Read-Modlfy-Wrlte-Cycle Timing 
Table 1 0. Enhanced Page-Mode Read-Modify- Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write-mask register on either the first falling edge of 
WEx or the falling edge of OAS, whichever occurs later.* 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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*w(RH) ' 



RAS 



CAS 
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t Access time Is t a (CA) dependent. 

* Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 36. Enhanced-Page-Mode Read/Write-Cycle Timing 
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A0-A8 




Figure 37. Load-Color-Register-Cycle Timing (Early-Write Load) 
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Figure 38. Load-Color-Register-Cycle Timing (Late-Write Load) 
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Figure 39. Block-Write-Cycle Timing (Early Write) 
Table 11. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0; I/O write disable 
1: I/O write enable 

Column-mask data DQi - DQi + 3 
(i = 0,4, 8, 12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 « 0, AO ■ 0) 
DQ1 — column 1 (address A1 = 0, AO ■ 1) 
DQ2 — column 2 (address A1 ■ 1 , AO ■ 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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TRG 



WEx 
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DQ0-DQ15 
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Figure 40. Block-Wrlte-Cycle Timing (Late Write) 
Table 12. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Donl care 


Column mask 


Block-write operation with nonpersistent write-per-b'rt 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Dont care 


Column mask 



Write-mask data 0: I/O write disable 
1 : I/O write enable 

Column-mask data DQi - DQi + 3 
(1 = 0,4,8,12) 



0: column write disable 
1: column write enable 



Example: 

DQO — column 0 (address A1 ■ 0, AO ■ 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 ■ 1, AO ■ 1) 
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*w(RL)P 
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td(RLCL) " 
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WEx 



th(SFR) 



- H ^ \u(RA) 
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I L 



tsu(CA) ^| | 
*h(RLCA) h 



J H ► ht h(C LCA) 1 1 r I 



I I 




Slock Add ress 
A2-A8 



jUj tsu(SFR) 

ill 



T>| N-t h (TRG) 
">j | * | I tsufTRG) 



v 



th(RWM) 



III 

!H« ■ 



+ «■ . 

I | *su(DWL) T -W Kj- 

►I tsu(DQR) I U 

j f+ th(RDQ) -*j j^-H 

I n — r r *h(RLD) 



i r 

|*— th(SFC)' 
*su(SFC) | 

■J -h 



- *d(CACH) ->| 

| | *d(CARH) ' 

Block Address 
A2-A8 



I 



I 



n~~ — ~r 

I K-t h(S FC)-* j 
W-*M su(S FC) | ! I 
H- 



I 




See Note A 



t 8U (WCH) 
*w(WL) 



1 

*su(WCH) 

I 

*|— tsu(WRH) 



<— th(CLD) T ' 

th(WLD) + - 

tsu(DCL) T 



DQO- 
DQ15 

t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 

NOTE A: To assure page-mode cycle time, TRG must rem ain h igh throughout the entire page-mode operation if the late write feature is used . 
If the early write cycle timing is used, the state of TRG is a dont care after the minimum period t n (TRG) from the falling edge of RAS. 

Figure 41 . Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 13. Enhanced-Page-Mode Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1:1/0 write enable 
Column-mask data DQi - DQi + 3 
(1 = 0, 4, 8, 12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 ■ 0, AO « 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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DQ15 
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Figure 42. RAS-Only Refresh-Cycle Timing 
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Figure 43. CBR-Refresh-Cycle Timing 



Table 14. CBR-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop point set and no reset 


Stop address 


H 


L 
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|<- Memory Read Cycle 
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WEx 



DQO- 
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Figure 44. Hidden-Refresh-Cycle Timing 
Table 15. Hidden-Refresh-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop point set and no option reset 


Stop address 


H 


L 
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RAS 
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| I 
|«-ta(SQ)-{*l 

i . I I i | k— ta(SQ) • 

t n <SH$Q)H« *\\\ J j t h(SH SQ)- l« ~^ 



SQ Old Data "j ^ T Old Data ]XT" NewPat » 

i I j 

_ I | * td(GHQSF)- 



QSF )0 Tap Point Bit A7 



H I H -td(CLQSF)- 

SE U td(RLQSF) 

L i , , ____ 



NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The 
memory-to-data-register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations 
in each data register are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial-re ad mo de (i.e., SQ is enabled), allowing data to be 
shifted out of the registers. Also, the first bitto read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

C. A0-A7: register tap point; A8: which half of the transferred row 

D. Early-load operation is defined as thf^RG) rnin <th(TRG) <kl(RLTH) m5n « 

Figure 45. Full-Register-Transfer Read Timing, Early-Load Operations 
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TRG 



WEx 



DQ0-DQ15 



SC 



SQ 



QSF 



SE 



td(CHRL) 
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NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register-transfer cycle. The memory to data 
register-transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register 
are written into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the seri al-read mode (i.e., SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. A0-A7: register tap point; A8: identifies the DRAM half of the row 

D. Late load operation is defined as t<j(THRH) < 0 ns. 

Figure 46. Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 
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DQ15 



tsu(TRG) ->l 




SC 



SQ 



QSF 



*d(MSRL) ~j4 

*w(SCH)-H W I 

^Bit mXk-^SCL)-^ / Tap \ 

i U ■/ I Point M \_ 

-W (4- t a( SQ) 



or 255 
4r ►KtySQ) 



4r — ►H" ^(SHSQ) 



Bit 126 or 
Bit 254 



X 



Bit 127 or 
Bit 255 



5t 



)) — 

Tap Point M 



ta(SQ) -W 

u L 



!yfBlt255\ } Tap \ 

/\ or 127 \ jjf j Point N \ 



,tw(SCL) 



Bit 127 or 
Bit 255 



-N- td(SCQSF) 



25 



Tap 
Point N 



5t 



tySCQSF) ■ 

— %s — 



*a(SQ) 



MSB Old 



X 



New MSB 
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NOTE A: A0-A6: tap point of the given half; A7: dont care; A8: identifies the DRAM half of the row 

Figure 47. Split-Register-Transfer Read Timing 
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NOTE A: While reading data through the serial-data register, TRG is a don't care, except TRG must be held high when RAS goes low. This is 
to avoid the initiation of a register-data transfer operation. 

Figure 48. Serial-Read Timing (SE = V||_) 



^? Texas 
Instruments 



POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 5-305 



TMS55166 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SMVS1 66B - OCTOBER 1 993 - REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 



RAS 



TRG 



SE 



tsufTRG) 




*h(TRG) 



tw(SCH) -H4 

f 



■ *c(SC) ■ 



— tySC) 

-#J- *w(SCH) 

- *w(SCL) - 



\* — 4~ ta(SQ) 

th(SHSQ) 



J , , I W-tw(SCL)-W 



*l — *w(SCH) 



SQ Valid Out 



"j ^T Valid Out 



i« — 4" W(sq) 

-frj j4-*a(SE) 

4= 



!< ►t-ta(SQ) 



I 

M — W- *dls(SE) 



Valid Out 



th(SHSQ) 



Valid Out 



NOTE A: While reading data through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. This 
is to avoid the initiation of a register-data transfer operation. 

Figure 49. Serial-Read Timing (SE-Controlled Read) 
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ADDR 3C 



RowTapl 
(low) 



CASE I 



SC 



QSF 



Tap1 
(low) 



CASE II 

SC 
QSF 

CASE III 
SC 

QSF 



Full-Register-Transfer Read 



RowTapl 
(high) 



RowTap2 
| flow) 

-M — hy / — 



-XL. 



i 
i 

■r*~<rr -» Bit j Tap1 

127| (high) 





Tap! ''Bltt Tap1 )r 

(low) 127 (high) 



I 
I 
I 

Tap1~ } Bit TTapl > 
(low) 1271 (high) 



Spilt Register to the 
High Half of the 
Data Register 



| Split Register to the 
j Low Half of the 
| Data Register 



RowTap2 
(high) 




Bit Tap2 
255 (low) 



Bit Tap2 
255 (low) 




4V- 



Split Register to the 
High Half of the 
Data Register 



J- 



NOTES: A. in order to achieve proper split-register operation, a full-register-transfer read should be performed before the first 
split-register-transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then 
begin either after the full-register-transfer read cycle (CASE I), during the first split-register-transfer cycle (CASE II), or even after 
the first split-register-transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register-transfer read 
cycle and the first split-register cycle. 
B. A split-register-transfer into the inactive half is not allowed until td(MSRL) IS met> td fMSR L) is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 1 27 or 255) and the failing edge of HAS of the split-register-transfer cycle into the 
inactive half. After the tyMSRL) is met| the split-register-transfer into the i nactiv e half must also satisfy the minimum WrhmS) 
requirement. td(RHMS) is the minimum delay time between the rising edge of RAS of the split-register-transfer cycle into the inactive 
half and the rising edge of the serial clock of the last bit (bit 1 27 or 255). 

Figure 50. Split-Register Operating Sequence 
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CHAPTER 6. SINGLE-IN-LINE MEMORY MODULES (SIMMS) 

TM41 00GAD8 4 Mbyte (4096K x 8) Single-Sided (Solder-tabbed) 6-3 

TM497GU8 4 Mbyte (4 096K x 8) Single-Sided (Solder-tabbed) 6-9 

TM41 00EAD9 4 Mbyte (4096K x 9) Single-Sided (Solder-tabbed) . . 6-15 

TM497EU9 4 Mbyte (4096K x 9) Single-Sided (Solder-tabbed) 6-23 

TM124BBK32 4 Mbyte (1 024K x 32) Single-Sided (Gold-tabbed) . . 6-29 

TM124BBK32S 4 Mbyte (1 024K x 32) Single-Sided (Solder-tabbed) 6-29 

TM248CBK32 8 Mbyte (2048Kx 32) Double-Sided (Gold-tabbed) 6-29 

TM248CBK32S 8 Mbyte (2048K x 32) Double-Sided (Solder-tabbed) 6-29 

TM1 24BBK32F 4 Mbyte (1 024K x 32) Single-Sided (Gold-tabbed) 6-39 

TM124BBK32U 4 Mbyte (1 024K x 32) Single-Sided (Solder-tabbed) 6-39 

TM248CBK32F 8 Mbyte (2048K x 32) Double-Sided (Gold-tabbed) 6-39 

TM248CBK32U 8 Mbyte (2048K x 32) Double-Sided (Solder-tabbed) 6-39 

TM497BBK32 1 6 Mbyte (4096K x 32) Single-Sided (Gold-tabbed) 6-47 

TM497BBK32S 16 Mbyte (4096K x 32) Single-Sided (Solder-tabbed) 6-47 

TM893CBK32 32 Mbyte (8 1 92K x 32) Double-Sided (Gold-tabbed) . . . . . 6-55 

TM893CBK32S 32 Mbyte (8 1 92K x 32) Double-Sided (Solder-tabbed) 6-55 

TM124MBK36B 4 Mbyte (1 024K x 36) Single-Sided (Gold-tabbed) ..6-63 

TM124MBK36R 4Mbyte (1 024K x 36) Single-Sided (Solder-tabbed) 6-63 

TM248NBK36B 8Mbyte (2048K x 36) Double-Sided (Gold-tabbed) 6-63 

,TM248NBK36R 8 Mbyte (2048Kx 36) Double-Sided (Solder-tabbed) 6-63 

TM124MBK36F 4 Mbyte (1 024Kx 36) Single-Sided (Gold-tabbed) 6-73 

TM124MBK36U 4 Mbyte (1 024K x 36) Single-Sided (Solder-tabbed) 6-73 

TM248NBK36F 8 Mbyte (2048K x 36) Double-Sided (Gold-tabbed) 6-73 

JM248NBK36U 8 Mbyte (2048K x 36) Double-Sided (Solder-tabbed) 6-73 

TM124MBK36C 4 Mbyte (1 024K x 36) Single-Sided (Gold-tabbed) 6-81 

TM124MBK36S 4 Mbyte (1 024K x 36) Single-Sided (Solder-tabbed) 6-81 

TM248NBK36C 8 Mbyte (2048K x 36) Double-Sided (Gold-tabbed) 6-81 

TM248NBK36S 8 Mbyte (2048K x 36) Double-Sided (Solder-tabbed) 6-81 

TM124MBK36G 4 Mbyte (1 024K x 36) Single-Sided (Gold-tabbed) 6-91 

TM124MBK36V 4 Mbyte (1 024K x 36) Single-Sided (Solder-tabbed) 6-91 

TM248NBK36G 8 Mbyte (2048K x 36) Double-Sided (Gold-tabbed) 6-91 

TM248NBK36V 8 Mbyte (2048K x 36) Double-Sided (Solder-tabbed) 6-91 

TM497MBK36A 16 Mbyte (4096K x 36) Double-Sided (Gold-tabbed) 6-99 

TM497MBK36Q 16 Mbyte (4 096K x 36) Double-Sided (Solder-tabbed) 6-99 

TM497MBM36A 16 Mbyte (4096K x 36) Single-Sided (Gold-tabbed) 6-107 

TM497MBM36Q 1 6 Mbyte (4096K x 36) Single-Sided (Solder-tabbed) 6-1 07 

TM893NBM36A 32 Mbyte (8 1 92K x 36) Double-Sided (Gold-tabbed) 6-1 07 

TM893NBM36Q 32 Mbyte (8 1 92K x 36) Double-Sided (Solder-tabbed) 6-1 07 
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Organization... 4194304 x8 
Single 5-V Power Supply (±10% Tolerance) 
30-Pin Single In-Llne Memory Module 
(SIMM) for Use With Sockets 

Utilizes Eight 4-Megabit DRAMs in Plastic 
Small-Outline J-Lead Packages (SOJs) 

Long Refresh Period 
16 ms (1024 Cycles) 

All Inputs, Outputs, Clocks Fully in- 
compatible 

3-State Output 

Performance Ranges: 





ACCESS 


ACCESS ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


*AA 


tCAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'4100GAD8-60 


60 ns 


30 ns 


15 ns 


110 ns 


•4100GAD8-70 


70 ns 


35 ns 


18 ns 


130 ns 


'4100GAD8-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Common CAS Control for Eight Common 
Data-in and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°Cto70°C 



description 

The TM41 00GAD8 is a dynamic random-access 
memory (DRAM) module organized as 4194304 
x 8 bits in a 30-pin leadless single in-line memory 
module (SIMM). 

The SIMM is composed of eight TMS44100DJ 
4194304 x 1-bit DRAMs in 20/26-lead plastic 
small-outline J-lead packages (SOJ) mounted on 
a substrate with decoupling capacitors. 

The TM4100GAD8 is available in the AD 
single-sided, leadless module for use with 
sockets. 

The TM41 00GAD8 is characterized for operation 
fromO°Cto70°C. 



SINGLE IN-LINE MODULE 
(TOP VIEW) 



ycc 

CAS 
DQ1 

AO 

A1 
DQ2 

A2 

A3 

VSS 

DQ3 10 

A4 11 

A5 12 

DQ4 13 

A6 14 

A7 15 

DQ5 16 

A8 17 

A9 18 

A10 19 

DQ6 20 

W 21 

V S S 22 

DQ7 23 

NC 24 

DQ8 25 

NC 26 

RAS 27 

NC 28 

NC 29 

V C C 30 



O 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ8 Data In /Data Out 


NC 


No Internal Connection 


RAS 


Row-Address Strobe 


VCC 


5-V Supply 


VSS 


Ground 


W 


Write Enable 



operation 



The TM41 00GAD8 operates as eight TMS441 00D Js connected as shown in the functional block diagram. Refer 
to the TMS441 00 data sheet for details of its operation. The common I/O feature of the TM41 00GAD8 dictates 
the use of early-write cycles to prevent contention on D and Q. 
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4194304 BY 8-BIT DRAM MODULE 
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single In-line memory module and components 

PC substrate: 1 ,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for socketable devices: Nickel plate and solder plate over copper 



functional block diagram 



AO- 



MO . 

CAS ■ 
W - 



DQ1 O 



DQ2 «► 



DQ3 O 



DQ4 «► 



11* 



4096x1 
A0-A10 
RAS 
CAS 

W Q 
DQ1 
VCC vss 



11. 



^3 



4096x1 
A0-A10 
RAS 
CAS 

W Q 
DQ2 
Vcc Vss 



11. 



4096x1 
A0-A10 
RAS 
CAS 

W Q 
DQ3 
VCC v ss 



11. 



4096x1 
A0-A10 
RAS 
CAS 

W Q 
DQ4 

VCC v ss 



DQ5 4 * 



DQ6 O 



DQ7 4 > 



DQ8 4 * 



11. 



K 
K 



4096x1 
A0-A10 
RAS 
CAS 
W Q 
DQ5 
VCC v s 



4096x1 
A0-A10 



CAS 

W < 
DQ6 

vcc v ss 



11. 



4096x1 
A0-A10 
RAS 
CAS 
W Q 
DQ7 

vcc v ss 



11. 



4096x1 
A0-A10 
RAS 
CAS 
W Q 
DQ8 

VCC v ss 



VCC 



VSS 



i — r 

*p c....c "j- 
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TM4100GAD8 
4194304 BY 8-BIT DRAM MODULE 

SMMS508C- MARCH 1992 -REVISED JUNE 1995 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range on any pin (see Note 1 ) - 1 V to 7 V 

Supply voltage range on Vqc - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 8W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range -55°Cto125°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V55. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


V*cc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


T/^ Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'4100GAD8-60 


'4100GAD8-70 


'4100GAD8-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


lOH =-5 mA 


2.4 


2.4 


2.4 


V 


Vql Low-level output voltage 


•OL s4 ' 2mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All other pins - 0 V to Vrjc 


±10 


±10 


±10 


ma 


Iq Output current (leakage) 


v 0 = ovtov C c. 

Vcc-5-S V, CAS high 


±10 


±10 


±10 


uA 


. Read- or write-cycle current 
,CC1 (see Note 3) 


V CC = 5 - 5 v « Minimum cycle 


840 


720 


640 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high, 


16 


16 


16 


mA 


VlH-Vcc- 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


8 


8 


8 


mA 


Average refresh current 
>CC3 (RAS only or CBR*) 
(see Note 3) 


V CC = 5 - 5 v » Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR*) 


840 


720 


640 


mA 


. Average page current 
,CC4 (see Note 4) 


V CC * 5 - 5 v « tPC ■ minimum, 
RAS low, CAS cycling 


720 


640 


560 


mA 



* CAS-before-RAS (CBR) refresh 

NOTES: 3. Measured with a maximum of one address change while RAS = V|[_ 
4. Measured with a maximum of one address change while CAS = V|h 
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4194304 BY 8-BIT DRAM MODULE 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz 



PARAMETER 


MIN MAX 


UNIT 


c i(A) Input capacitance, AO- A10 


40 


PF 


c i(RC) Input capacitance, CAS and RAS 


56 


PF 


Cj(w) Input capacitance, W 


56 


PF 


Cq Output capacitance (pins DQ1-DQ8) 


12 


PF 


NOTE 5: Vqc = 5 V ± 0.5 V and the bias on the pin under test is 0 V. 










switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'4100GAD8-60 


•4100GAD8-70 


•4100GAD8-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


tCAC Access time from CAS low 


15 


18 


20 


ns 


*CPA Access time from column precharge 


35 


40 


45 


ns 


*RAC Access time from RAS low 


60 


70 


80 


ns 


*CLZ CAS to output in low impedance 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





•4100GAD8-60 


'4100GAD8-70 


'4100GAD8-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


*PC Cycle time, page-mode read or write (see Note 8) 


40 


45 


50 


ns 


tcHR Delay time, RAS low to CAS high (CBR refresh only) 


15 


15 


20 


ns 


tcRP Delay time, CAS high to RAS low 


0 


0 


0 


ns 


tcSH Delay time, RAS low to CAS high 


60 


70 


80 


ns 


*CSR Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 


tRAD Delay time, RAS low to column address (see Note 1 0) 


15 30 


15 35 


15 40 


ns 


tRAL Delay time, column address to RAS high 


30 


35 


40 


ns 


*CAL Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD Delay time, RAS low to CAS low (see Note 1 0) 


20 45 


20 52 


20 60 


ns 


tRPC Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH Delay time, CAS low to RAS high 


15 


18 


20 


ns 


*CAH Hold time, column address after CAS low 


10 


15 


15 


ns 


*DHR Hold time, data after RAS low (see Note 9) 


50 


55 


60 


ns 


*DH Hold time, data 


10 


15 


15 


ns 


tAR Hold time, column address after RAS low (see Note 9) 


50 


55 


60 


ns 



NOTES: 7. All cycle times assume tj = 5 ns. 

8. To assure tpc min, tASC snou| d be 2 top 

9. The minimum value is measured when tpQD is set t0 *RCD min as a reference. 
1 0. The maximum value is specified only to assure access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 





'4100GAD8-60 


'4100GAD8-70 


'4100GAD8-80 


UINT 


MIN MAX 


MIN MAX 


MIN MAX 


tRAH Ho,d time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 1 1 ) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 1 1 ) 


0 


0 


0 


ns 


tWCH Hold time, write after CAS low 


15 


15 


15 


ns 


tWCR Hold time, W low after RAS low (see Note 9) 


50 


55 


60 


ns 


twRH Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


tyvTH Hold time, W low (test mode only) 


10 


10 


10 


ns 


tRASP Pulse duration, page mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low 


60 10 000 


70 10 000 


80 10 000 


ns 


tCAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, write 


15 


15 


15 


ns 


tASC Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tDS Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low 


0 


0 


0 


ns 


tyvRp Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


twrs Setup time, W low (test mode only) 


10 


10 


10 


ns 


tjAA Access time from address (test mode) 


35 


40 


45 


ns 


tfcPA Access time from column precharge (test mode) 


40 


45 


50 


ns 


tTRAC Access time from RAS (test mode) 


65 


75 


85 


ns 


tREF Refresh time interval 


16 


16 


16 


ms 


tr Transition time 


2 50 


2 50 


2 50 


ns 



NOTES: 9: The minimum value is measured when tpcD is set to tRQD min as a reference. 
1 1 . Either tRRH or tRCH must be satisfied for a read cycle. 



device symbolization 



TM4100GAD8 

Q -SS YYMMT Q 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn I 

YY = Year Code 
MM = Month Code 

T s Assembly Site Code 
-SS * Speed 

NOTE A: The location of symbolization may vary. 
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TM497GU8 
4194304-WORD BY 8-BIT 
DYNAMIC RAM MODULE 

SMMS498A- APRIL 1994 - REVISED JUNE 1995 



Organization . . . 4194304 x 8 

Single 5-V Power Supply (±10% Tolerance) 

30-Pin Single-ln-Line Memory Module 

(SIMM) for Use With Sockets 

Utilizes Two 16-Megabit Dynamic RAMs in 

Plastic Small-Outline J-Lead (SOJ) 

Packages 

Long Refresh Period 
32 ms (2048 Cycles) 

All Inputs, Outputs, Clocks Fully in- 
compatible 

3-State Output 

Performance Ranges: 

ACCESS ACCESS ACCESS 



TIME 

tRAC 
(MAX) 

•497GU8-60 60 ns 
•497GU8-70 70 ns 
'497GU8-80 80 ns 



TIME 

*AA 
(MAX) 

30 ns 
35 ns 
40 ns 



TIME 

tCAC 
(MAX) 

15 ns 
18 ns 
20 ns 



READ OR 
WRITE 
CYCLE 
(MIN) 

110 ns 
130 ns 
150 ns 



• Common CAS Control for Eight Common 
Data-in and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Enha nced P age-M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 

The TM497GU8 is a 4M-byte dynamic 
random-access memory module organized as 
4 1 94304 x 8 bits in a 30-pin leadless singie-in-iine 
memory module (SIMM). 

The SIMM is composed of two TMS417400DJ, 
4194304 x 4-bit dynamic RAMs in 24/26-lead 
plastic small-outline J-lead (SOJ) packages 
mounted on a substrate with decoupling capaci- 
tors. 

The TM497GU8 is available in the U single-sided, 
leadless module for use with sockets and is 
characterized for operation from 0°C to 70°C. 



U SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 



VCC 
CAS 
DQ1 
AO 
A1 
DQ2 
A2 
A3 

vss 

DQ3 
A4 
A5 

DQ4 
A6 
A7 

DQ5 
A8 
A9 

A10 

DQ6 
W 

VSS 
DQ7 

NC 
DQ8 

NC 
RAS 

NC 

NC 
VCC 



1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 £□ 
24 
25 
26 
27 
28 
29 
30 



O 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ8 


Data In/Data Out 


NC 


No Internal Connection 


RAS 


Row-Address Strobe 


v C c 


5-V Supply 


vss 


Ground 


W 


Write Enable 
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operation 

The TM497GU8 operates as two TMS417400DJs connected as shown in the functional block diagram. Refer 
to the TMS41 7400 data sheet for details of its operation. The common I/O feature of the TM497GU8 dictates 
the use of early-write cycles to prevent contention on D and Q. 

power up 

To achieve proper operation, an initial pause of 200 pis followed by a minimum of eight initialization cycles is 
requir ed after full Vqc level is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only orCBR) cycle. 

single-In-line memory module and components 

PC substrate: 1 ,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for socketable devices: Nickel plate and solder plate over copper 



functional block diagram 



A0-A10 
RAS 
CAS 
W 



r 



r 



11, 



4Mx4 
A0-A10 DQ1 
RAS DQ2 
CAS DQ3 
W_ DQ4 
OE 



4Mx4 
A0-A10 DQ1 
RAS DQ2 
CAS DQ3 
W^ DQ4 
OE 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc - 1 V to' 7 V 

Voltage range on any pin (see Note 1) -1Vto7V 

Short-circuit output current 50 mA 

Power dissipation 2W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V33. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V||-| High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'497GU8-60 


'497GU8-70 


'497GU8-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


lOH =-5 mA 


2.4 


2.4 


2.4 


V 


Vql Low-level output voltage 


lOL = 4.2 mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


Vcc = 5V, V| = 0Vto6.5V, 
All other pins = 0 V to Vqc 


±10 


±10 


±10 




lO Output current (leakage) 


Vcc = 5.5V, V 0 = OVtoVco 
CAS high 


±10 


±10 


±10 


uA 


. Read- or write-cycle current 
' CC1 (see Note 3) 


V CC - 5 - 5 v . Minimum cycle 


220 


200 


180 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


4 


4 


4 


mA 


V|H = Vcc - 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


2 


2 


2 


mA 


. Average refresh current (RAS- 
' CC3 only or CBR) (see Note 3) 


Vqc = 5.5 V, Minimum cycle, 
RAS cycling, CAS high 


220 


200 


180 


mA 


. Average page current 
'CC4 ( S ee Note 4) 


Vqc = 5.5 V, tpc = MIN, 
RAS low, CAS cycling 


140 


120 


100 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V||_ 
4. Measured with a maximum of one address change while CAS = Vm 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, AO- A10 


10 


PF 


Cj(RC) Input capacitance, CAS and RAS 


14 


PF 


C;(w) Input capacitance, W 


14 


PF 


C 0 Output capacitance, DQ1 -DQ8 


7 


PF 


NOTE 5: VqC = 5 V ± 0.5 V, and the bias on the pin under test is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'497GU8-60 


'497GU8-70 


•497GU8-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t/\A Access time from column address 


30 


35 


40 


ns 


tcAC Access time from CAS low 


15 


18 


20 


ns 


tcpA Access time from column precharge 


35 


40 


45 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tci_z CAS to output in low-impedance state 


0 


0 


0 


ns 


toH Output disable time from start of CAS high 


3 


3 


3 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 







•497GU8-60 


'497GU8-70 


'497GU8-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*RC 


Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc 


Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 




Pulse duration, RAS low, page mode 


60 


100 000 


70 


100 000 


80 


100 000 


ns 


tRAQ 


Pulse duration, RAS low, nonpage mode 


60 


10 000 


70 


10 000 


80 


10000 


ns 


*CAS 


Pulse duration, CAS low 


15 


10 000 


18 


10000 


20 


10000 


ns 


tcp 


Pulse duration, CAS high 


10 


10 


10 


ns 




Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tyvp 


Pulse duration, W low 


10 


10 


10 


ns 


*ASC 


Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR 


Setup time, row address before RAS low 


o 


o 


0 


ns 


tQS 


Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS 


Setup time, W high before CAS low 


0 


0 


0 


ns 


tCWL 


Setup time, W low before CAS high 


15 


18 


20 


ns 


tRVVL 


Setup time, W low before RAS high 


15 


18 


20 


ns 


twos 


Setup time, W low before CAS low 


0 


0 


0 


ns 


tWRP 


Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


tQAH 


Hold time, column address after CAS low 


10 


15 


15 


ns 


*DH 


Hold time, data after CAS low 


10 


15 


15 


ns 


tRAH 


Hold time, row address after RAS low 


10 


10 


10 


ns 


*RCH 


Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


*RRH 


Hold time, W high after RAS high (see Note 9) 


0 


0 


0 


ns 


*WCH 


Hold time, W low after CAS low 


10 


15 


15 


ns 


tWRH 


Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


tRHCP 


Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


tQHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tcRP 


Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tcSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tQSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


*RAD 


Delay time, RAS low to column address (see Note 10) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low 


0 


0 


0 


ns 


*RSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


32 


32 


32 


ms 




Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTES: 7. All cycle times assume tj = 5 ns. 

8. To assure tpc min, tASC snould be * kDP 

9. Either tRRH or tRQH must be satisfied for a read cycle. 

1 0. The maximum value is specified only to assure access time 
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device symbolization 



TM497GU8 

Q -SS YYMMT Q 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn I 

YY = Year Code 
MM = Month Code 

T s Assembly Site Code 
-SS = Speed 

NOTE: The location of the part number may vary. 
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• Organization . . . 4194304 x 9 

• Single 5-V Power Supply (±10% Tolerance) 

• 30-Pin Single In-Line Memory Module 
(SIMM) for Use With Sockets 

• Utilizes Nine 4-Megabit Dynamic RAMs in 
Plastic Small-Outline J-Lead Packages , 
(SOJs) 

• Long Refresh Period 

16 ms (1024 Cycles) 

• All Inputs, Outputs, and Clocks Fully in- 
compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS ACCESS 
TIME TIME TIME 
(tRAC) (*CAC) (*AA) 



(MAX) (MAX) (MAX) 

'4100EAD9-60 60 ns 15 ns 30 ns 

'4100EAD9-70 70 ns 18 ns 35 ns 

'4100EAD9-80 80 ns 20 ns 40 ns 



READ 

OR 
WRITE 
CYCLE 
(MIN) 
110 ns 
130 ns 
150 ns 



• Common CAS Control for Eight Common 
Data-in and Data-Out Lines 

• Separate CAS Control for One Separate 
Pair of Data-in and Data-Out Lines 

• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°Cto70°C 

description 

The TM4100EAD9 is a dynamic random-access 
memory module organized as 4194304 x 9 [bit 
nine (D9, Q9) is gen erally used for parity and is 
controlled by CAS9] in a 30-pin leadless single 
in-line memory module (SIMM). 

This module is composed of nine TMS44100DJ, 
41 94304 x 1 -bit dynamic RAMs (DRAMs) each in 
a 20/26-lead plastic small-outline J-lead package 
(SOJ) mounted on a substrate with decoupling 
capacitors. 

The TM41 00EAD9 is characterized for operation 
from 0°C to 70°C and is available in the AD 
single-sided, leadless module for use with 
sockets. 



SINGLE IN-LINE MODULE 
(TOP VIEW) 



Vcc 

CAS 
DQ1 

AO 

A1 
DQ2 

A2 

A3 

D v ai 

A4 11 

A5 12 

DQ4 13 

A6 14 

A7 15 

DQ5 16 

A8 17 

A9 18 

A10 19 

DQ6 20 

W 21 

Ve S 22 

DQ7 23 

NC 24 

DQ8 25 

Q9 26 

RAS 27 

CAS9 28 

D9 29 

Vcc 30 



O 



PIN NOMENCLATURE 



A0-A10 


Address Inputs 


CAS.CAS9 


Column-Address Strobe 


DQ1-DQ8 


Data In /Data Out 


D9 


Data In 


NC 


No Internal Connection 


Q9 


Data Out 


RAS 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 
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functional block diagram 



A0-A10 



CAS 

W • 



DQ1 



DQ2 



DQ3 



DQ4 



VCC 



V SS 



11. 



4096K x 1 
A0-A10 
RAS 
CAS 

W Q 
D 

VCC VSS 



11. 



4096Kx1 
A0-A10 
RAS 
CAS 

W Q 
D 

VCC v ss 



11, 



4096K x 1 
A0-A10 
RAS 
CAS 

W Q 
V CC v ss 



11. 



4096K x 1 
A0-A10 
RAS 
CAS 

W Q 
D 

VCC v S s 



i — r 

^ c«...c*p 



DQ5 



DQ6 



DQ7 



DQ8 



CAS9 
D9 

Q9 



11. 



^ RAS 



4096Kx1 
A0-A10 



CAS 

W 

D 

VCC vss 



11. 



4096Kx1 
AO-A 10 
RAS 
CAS 
W Q 
D 

VCC v ss 



11. 



^ RAS 



4096Kx1 
A0-A10 



CAS 

W < 

°vcc v ss 



4096Kx1 
A0-A10 
RAS 
CAS 

Hw Q 
D 

VCC v S s 



11. 



4096Kx1 
A0-A10 
RAS 
CAS 
W Q 

D v C c v ss 
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operation 

The TM41 00EAD9 operates as nine TMS441 OODJs connected as shown in the functional block diagram. Refer 
to the TMS441 00 data sheet for details of its operation. The common I/O feature of the TM41 00EAD9 dictates 
the use of early-write cycles to prevent contention on D and Q. 

single In-line memory module and components 

PC substrate: 1 ,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for socketable devices: Nickel plate and solder plate over copper 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Voltage range op any pin (see Note 1) . . -1Vto7V 

Voltage range on Vqc (see Note 1 ) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 9W 

Operating free-air temperature range, . 0°C to 70°C 

Storage temperature range, T stg -55°Cto125 a C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings oniy, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to v*ss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|[_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


•4100EAD9-60 


'4100EAD9-70 


'4100EAD9-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


V 0H High-level output voltage 


Iqh = ~ 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


IOL = 4.2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5.5V, Vi = 0Vto6.5V, 
All others = 0V to Vqc 


±10 


±10 


±10 


MA 


lO Output current (leakage) 


Vcc^^y, Vo = ovtov C c. 

CAShigh 


±10 


±10 


±10 


ma 


. Read- or write-cycle current 
'CC1 (see Note 3) 


Vfjc = 5 « 5 V, Minimum cycle 


945 


810 


720 


mA 


ICC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


18 


18 


18 


mA 


After 1 memory cycle, 
RAS and CAS high, 
V|H s Vcc- 0.2 V (CMOS) 


9 


9 


9 


mA 


Average refresh current 
'CC3 (RAS only or CBR) 
(see Note 3) 


V CC - 5 - 5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


945 


810 


720 


mA 


. Average page current 
1004 (see Note 4) 


V CC s 5 - 5 V, tpc - minimum, 
RAS low, CAS cycling 


810 


720 


630 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS - V||_ 
4. Measured with a maximum of one address change while CAS - Vih 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, A0-A1 0 


45 


PF 


Cj(D) Input capacitance, data input (pin D9) 


5 


PF 


c i(RC) Input capacitance, CAS and RAS 


63 


PF 


Cj(w) Input capacitance, W 


63 


PF 


C 0 (DQ) Output capacitance, DQ1 -Q8 


12 


PF 


Cq Output capacitance, Q9 


7 


PF 


NOTE 5: Vcc - 5 V ± 0.5 V and the bias on pins under test is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'4100EAD9-60 


•4100EAD9-70 


'4100EAD9-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t>\A Access time from column address 


30 


35 


40 


ns 


tQAC Access time from CAS low 


15 


18 


20 


ns 


*CPA Access time from column precharge 


35 


40 


45 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


\Q\_Z CAS to output in low-impedance 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4100EAD9-60 


"4100EAD9-70 


'4100EAD9-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*RC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc Cycle time, page-mode read or write (see Note 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page mode RAS low (see Note 9) 


60 100 000 


70 100 000 


80 100 000 


ns 


*RAS Pulse duration, nonpage mode, RAS low (see Note 9) 


60 10 000 


70 10 000 


80 10 000 


ns 


tQAS Pulse duration, CAS low (see Note 1 0) 


15 10 000 


18 10 000 


20 10 000 


ns 


top Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, write 


15 


15 


15 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


*DS Setup time, data (see Note 1 1 ) 


0 


0 


0 


ns 


tRCS Setup time, read before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low (early-write operation only) 


0 


0 


0 


ns 


twSR Setup time, W high (CBR refresh only) 


10 


10 


10 


ns 


twTS Setup time, W low (test mode only) 


10 


10 


10 


ns 


tCAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tDHR Hold time, data after RAS low (see Note 1 2) 


50 


55 


60 


ns 


tQH Hold time, data (see Note 1 0) 


10 


15 


15 


ns 


tAR Hold time, column address after RAS low (see Note 1 2) 


50 


55 


60 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, read after CAS high (see Note 1 3) 


0 


0 


0 


ns 


tRRH Hold time, read after RAS high (see Note 1 3) 


0 


0 


0 


ns 


tWCH Hold time, write after CAS low (early-write operation only) 


15 


15 


15 


ns 


twCR Hold time, write after RAS low (see Note 1 2) 


50 


55 


60 


ns 


twHR Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


tyvTH Hold time, W low (test mode only) 


10 


10 


10 


ns 


tcHR De| ay time, RAS low to CAS high (CBR refresh only) 


15 


15 


20 


ns 


tcRP Delay time, CAS high to RAS low 


0 


0 


0 


ns 


tCSH Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7. All cycle times assume tj = 5 ns. 

8. To assure tpc min, tASC should be 2 5 ns. 

9. In a read-write cycle, tpyVD and tRWL must 09 observed. 

10. In a read-write cycle, tcw D and tQWL must 00 observed. 

1 1 . Referenced to the later of CAS or W in write operations 

1 2. The minimum value is measured when tpcD is set to tRQD min as a reference. 

1 3. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'4100EAD9-60 


'4100EAD9-70 


'4100EAD9-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tRAD 


Delay time, RAS low to column address (see Note 14) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 4) 


20 


45 


20 


52 


20 


60 


ns 


*RPC 


Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tTAA 


Access time from address (test mode) 


35 


40 


45 


ns 


tfCPA 


Access time from column precharge (test mode) 


40 


45 


50 


ns 


tTRAC 


Access time from RAS (test mode) 


65 


75 


85 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


tr 


Transition time 


2 


50 


2 


50 


2 


50 


ns 



NOTE 14: The maximum value is specified only to assure access time. 



device symbolization 



TM4100EAD9 

Q -SS YYMMT Q 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn I 

YY = Year Code 

MM * Month Code 

T = Assembly Site Code 

-SS = Speed 

NOTE: The location of symbolization may vary. 
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• Organization . . . 4194304 x 9 

• Single 5-V Power Supply (±10% Tolerance) 

• 30-Pln Slngle-ln-Llne Memory Module 
(SIMM) for Use With Sockets 

• Utilizes One 4-Megabit and Two 16-Megabit 
Dynamic RAMs in Plastic Small-Outline 
J-Lead (SOJ) Packages 

• Long Refresh Period 

32 mst (2048 Cycles) 

• All Inputs, Outputs, and Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance Ranges: 

ACCESS ACCESS 
TIME TIME 

(*RAC) *(AA) 
(MAX) 

30 ns 
35 ns 
40 ns 

Common CAS Control for Eight Common 
Data-in and Data-Out Lines 



ACCESS READ OR 



'497EU9-60 
•497EU9-70 
'497EU9-80 



(MAX) 

60 ns 
70 ns 
80 ns 



TIME 

(tCAC) 
(MAX) 

15 ns 
18 ns 
20 ns 



WRITE 
CYCLE 
(MIN) 
110 ns 
130 ns 
150 ns 



Separate CAS Control for One Separate 
Pair of Data-in and Data-Out Lines 

Low Power Dissipation 

Operating Free-Air Temperature Range 

0°Cto70°C 
Enha nced P age M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 



U SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 



vcc 

CAS 
DQ1 
AO 
A1 
DQ2 
A2 
A3 

VSS 
DQ3 
A4 
A5 
DQ4 
A6 
A7 
DQ5 
A8 
A9 
A10 
DQ6 
W 

VSS 
DQ7 

NC 
DQ8 

Q9 
RAS 
CAS9 

D9 
V C C 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 



o 



o 



description 



The TM497EU9 is a 4M-byte dynamic 
random-access memory (RAM) organized as 
4194304 x 9 bits [bit nine (D9, Q9) is gen erally 
used for parity and is controlled by CAS9] in a 
30-pin leadless single-in-line memory module 
(SIMM). The SIMM is composed of two 
TMS41 7400DJ, 4 1 94304 x 4-bit dynamic RAMs, 
each in a 24/26-lead plastic small-outline J-lead 
(SOJ) package, and one TMS441 00DJ, 4 1 94304 
x 1 -bit dynamic RAM in a 20/26-lead plastic SOJ 
package, mounted on a substrate with decoupling 
capacitors. 

The TM497EU9 is available in the U single-sided, leadless module for use with sockets and is characterized 
for operation from 0°C to 70°C. 



PIN NOMENCLATURE 



A0-A10 


Address Inputs 


CAS.CAS9 


Column-Address Strobe 


DQ1-DQ8 


Data In /Data Out 


D9 


Data In 


NC 


No Connection 


Q9 


Data Out 


RAS 


Row-Address Strobe 


vcc 


5-V Supply 


v S s 


Ground 


W 


Write Enable 



t A0-A9 address lines must be refreshed ever^J6 ms. 
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operation 

The TM497EU9 operates as two TMS41 7400DJs and one TMS441 OODJ connected as shown in the functional 
block diagram (refer to the TMS41 7400 and TMS441 00 data sheets for details of their operation). The common 
I/O feature of the TM497EU9 dictates the use of early write cycles to prevent contention on D and Q. 

refresh 

The r efresh period is exten ded to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. In addition, 
the ten least significant row addresses ( A0-A9) must be refreshed every 1 6 ms as required by the TMS441 00. 

power up 

To achieve proper operation, an initial pause of 200 \is followed by a minimum of eight initialization cycles is 
requir ed after full Vqc lavel is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only or CBR) cycle. 



single-in-line memory module and components 

PC substrate: 1 ,27 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for socketable devices: Nickel plate and solder plate over copper 



functional block diagram 



A0-A10 
RAS 
CAS 
W 



r 



CAS9- 



4M x 4 
A0-A10 DQ1 
-J* RAS DQ2 
CAS DQ3 
W DQ4 
^ OE 



4Mx4 
A0-A10 DQ1 
RAS DQ2 
CAS DQ3 
W^ DQ4 
OE 



16 
20 



23 



25 



DQ1 
DQ2 
DQ3 
DQ4 



DQ5 
DQ6 
DQ7 
DQ8 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1) -1Vto7V 

Voltage range on any pin (see Note 1) -1Vto7V 

Short-circuit output current 50 mA 

Power dissipation 3W 

Operating free-air temperature range, Ta 0°Cto70°C 

Storage temperature range, T s t g -55°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

N0TE1: All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vih High-level input voltage 


2.4 6.5 


V 


V|i_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


•497EU9-60 


'497EU9-70 


'497EU9-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


lOH ■ - 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


•OL - 4 - 2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


VcC'SV, V| = 0Vto6.5V, 
All other pins ■ 0 V to Vcc 


±10 


±10 


±10 


HA 


lO Output current (leakage) 


VCC s 5.5 V, Vq = 0 Vto Vcc. 
CAS high 


±10 


±10 


±10 


MA 


. Read- or write-cycle current 
■CC1 (see Note 3) 


Vcc = 5.5 V, Minimum cycle 


325 


290 


260 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


6 


6 


6 


mA 


V|H = Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


3 


3 


3 


Average refresh current 
•CC3 (RAS-only or CBR) 
(see Note 3) 


Vcc ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS-only); 

RAS low after CAS low (CBR) 


325 


290 


260 


mA 


. Average page current 
'CC4 ( S ee Note 4) 


Vcc s 5.5 V, tpc = MIN, 
RAS low, CAS cycling 


210 


180 


150 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V||_ 
4. Measured with a maximum of one address change while CAS = Vih 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, AO- A10 


15 


PF 


Cj(D) Input capacitance, data input (D9) 


5 


PF 


Cj(R) input capacitance, strobe input (RAS) 


21 


PF 


Cj(Q Input capacitance, strobe inputs 


CAS 


14 


PF 


CA§9 


7 


c i(W) Input capacitance, W 


21 


PF 


c o(DQ) Output capacitance (DQ1-DQ8) 


7 


PF 


C 0 (Q) Output capacitance (Q9) 


7 


PF 



NOTE 5: Vqc = 5 V ± 0.5 V, and the bias on pin under test is 0 V. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'497EU9-60 


•497EU9-70 


'497EU9-80 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tAA 


Access time from column address 


30 


35 


40 


ns 


tCAC 


Access time from CAS low 


15 


18 


20 


ns 


tCPA 


Access time from column precharge 


35 


40 


45 


ns 


tRAC 


Access time from RAS low 


60 


70 


80 


ns 


tCLZ 


CAS to output in low-impedance state 


0 


0 


0 


ns 


k)H 


Output disable time, start of CAS high 


3 


3 


3 


ns 


*OFF 


Output disable time after CAS high (see Note 6) 


0 


15 


0 


18 


0 


20 


ns 



NOTE 6: trjFF is specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'497EU9-60 


•497EU9-70 


'497EU9-80 


1 IkJIT 

UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tRC 


Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc 


Cycle time, page mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP 


Pulse duration, page mode, RAS low 


60 


100 000 


70 


100 000 


80 


100 000 


ns 


tRAS 


Pulse duration, nonpage mode, RAS low 


60 


10 000 


70 


10000 


80 


10 000 


ns 


tCAS 


Pulse duration, CAS low 


15 


10 000 


18 


10 000 


20 


10 000 


ns 


*CP 


Pulse duration, CAS high 


10 


10 


10 


ns 


tRP 


Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp 


Pulse duration, W low 


10 


10 


10 


ns 


tASC 


Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR 


Setup time, row address before RAS low 


0 


0 


0 


ns 


tDS 


Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS 


Setup time, W high before CAS low 


0 


0 


0 


ns 


*CWL 


Setup time, W low before CAS high 


15 


18 


20 


ns 


*RWL 


Setup time, W low before RAS high 


15 


18 


20 


ns 


twcs 


Setup time, W low before CAS low 


0 


0 


0 


ns 


*WRP 


Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


*CAH 


Hold time, column address after CAS low 


10 


15 


15 


ns 


*DH 


Hold time, data after CAS low 


10 


15 


15 


ns 


tRAH 


Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH 


Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


tRRH 


Hold time, W high after RAS high (see Note 9) 


0 


o 


0 


ns 


tWCH 


Hold time, W low after CAS low 


10 


15 


15 


ns 


*WRH 


Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


tRHCP 


Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


*CHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tCRP 


Delay time, CAS high to RAS low 


5 


5 


5 


ns 


*CSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tRAD 


Delay time, RAS low to column address (see Note 1 0) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


*CAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


32 


32 


32 


ms 


tT 


Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTES: 7. All cycle times assume tj = 5 ns. 

8. To assure tpo min, t^sc should be * tcp 

9. Either tRRH or tRQH must be satisfied for a read cycle. 

10. The maximum value is specified only to assure access time. 
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device symbolization 



TM497EU9 

q -SS YYMMT O 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn f 

YY s Year Code 

MM s Month Code 

T ■ Assembly Site Code 

-SS s Speed 

NOTE: The location of the part number may vary. 
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• Organization 
TM124BBK32 ... 1 048 576 x 32 
TM248CBK32 ... 2 097 152 x 32 

• Single 5-V Power Supply (±10 % Tolerance) 

• 72-pin Single In-Llne Memory Module 
(SIMM) for Use With Sockets 

• TM124BBK32-Utillzes Eight 4-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SOJ) Packages 

• TM248CBK32-Utilizes Sixteen 4-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SOJ) Packages 

• Distributed Refresh Period 

16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines, In Four Blocks 

• Presence Detect 



description 
TM124BBK32 

The TM124BBK32 is a dynamic random-access memory (DRAM) organized as four times 1 048576 x 8 in a 
72-pin leadless single in-line memory module (SIMM). The SIMM is composed of eight TMS44400, 1 048576 
x 4-bit DRAMs, each in 20/26-lead plastic SOJ packages, mounted on a substrate together with decoupling 
capacitors. Each TMS44400 is described in the TMS44400 data sheet. 

The TM124BBK32 is available in the single-sided BK leadless module for use with sockets. 

The TM1 24BBK32 features RAS access times of 60 ns, 70 ns and 80 ns. This device is rated for operation from 
0°Cto70°C 

TM248CBK32 

The TM248CBK32 is a dynamic random-access memory organized as four times 2097152 x 8 in a 72-pin 
leadless SIMM. The SIMM is composed of sixteen TMS44400, 1048576 x 4-bit dynamic RAMs, each in 
20/26-lead plastic SOJ packages SOJs, mounted on a substrate together with decoupling capacitors. Each 
TMS44400 is described in the TMS44400 data sheet. 

The TM248CBK32 is available in the double-sided BK leadless module for use with sockets. 

The TM248CBK32 features RAS access times of 60 ns, 70 ns and 80 ns. This device is rated for operation from 
0°C to 70°C 



• Performance Ranges: 





ACCESS 


ACCESS 


READ 




TIME 


TIME 


OR 




tRAC 


*CAC 


WRITE 








CYCLE 




(MAX) 


(MAX) 


(MIN) 


TM124BBK32-60 


60 ns 


15 ns 


110 ns 


TM124BBK32-70 


70 ns 


18 ns 


130 ns 


TM124BBK32-80 


80 ns 


20 ns 


150 ns 


TM248CBK32-60 


60 ns 


15 ns 


110 ns 


TM248CBK32-70 


70 ns 


18 ns 


130 ns 


TM248CBK32-80 


80 ns 


20 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air-Temperature Range 

0°C to 70°C 

• Gold-Tabbed Versions Available:+ 

- TM124BBK32 

- TM248CBK32 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

- TM124BBK32S 

- TM248CBK32S 



operation 
TM124BBK32 

The TM1 24BBK32 operates as eight TMS44400DJs connected as shown in the functional block diagram. Refer 

to the TMS44400 data sheet for details of operation. The common I/O feature of the TM1 24BBK32 dictates the 

use of early write cycles to prevent contention on D and Q. 

t Part numbers in this data sheet are for the gold-tabbed version; the information appiies to both gold-tabbed and solder-tabbed versions. 

PRODUCTION DATA Information is currant m of publication date. m . Copyright© 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments m im 

standard warranty. Production processing doss not necessarily Includs TrvA <-» 
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TM248CBK32 

The TM248CBK32 operates as sixteen TMS44400DJs connected as shown in the functional block diagram. 
Refer to the TMS44400 data sheet for details of operation. The common I/O feature of the TM248CBK32 
dictates the use of early write cycles to prevent contention on D and Q. 



refresh 

Refresh period is extended to 1 6 ms and, during this period, each of the 1 024 rows must be strobed with RAS 
inorder to retain data. A0-A9 address lines must be refreshed every 1 6 ms as required by the TMS44400 DRAM. 
CAS can remain high during the refresh sequence to conserve power. 



single in-line memory module and components 

PC substrate: 1 ,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM124BBK32 AND TM248CBK32: Nickel plate and gold plate over copper. 
Contact area for TM1 24BBK32S AND TM248CBK32S: Nickel plate and tin-lead over copper. 
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BK SINGLE IN-LINE MEMORY MODULE 
(TOP VIEW) 



TM124BBK32T 
(SIDE VIEW) 



TM248CBK32T 
(SIDE VIEW) 



DQ16 
DQ1 

DQ17 
DQ2 

DQ18 
DQ3 

DQ19 

V SS 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
NC 
DQ4 
DQ20 
DQ5 
OQ21 
DQ6 
DQ22 
DQ7 
DQ23 
A7 
NC 

V C C 
AS 
_A9 
RAS3 
RAS2 
NC 
NC 



NC 

vt 

CASO 
CAS2 
CAS3 
CAS1 
RASP 
RAS1 
NC 
W 
NC 

DQ8 
DQ24 

DQ9 
DQ25 
DQ10 
DQ26 
DQ11 
DQ27 
DQ12 
DQ28 

VCC 
DQ29 
DQ13 
DQ30 
DQ14 
DQ31 
DQ15 
NC 
PD1 
PD2 
PD3 
PD4 
NC 
V SS 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

18 

16 

17 

18 

19 

20 

21 

22 



26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 



57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 



© 



© 




PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ31 


Data In/Data Out 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


v ss 


Ground 


w 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


vss 


NC 


vss 


TM124BBK32 


70 ns 


v S s 


vss 


v ss 


NC 




60 ns 


v S s 


vss 


NC 


NC 




80 ns 


NC 


NC 


NC 


vss 


TM248CBK32 


70 ns 


NC 


NC 


vss 


NC 




60 ns 


NC 


NC 


NC 


NC 



t The packages shown here are not drawn to scale. 
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functional block diagram (for TM124BBK32 and TM248CBK32, Side 1) 
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functional block diagram (for TM248CBK32, Side 2) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Voltage range on any pin (see Note 1) - 1 V to 7 V 

Voltage range on Vqc (see Note 1 ) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 8W 

Operating free-air temperature range, Ta . 0°C to 70°C 

Storage temperature range, T stg - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 



recommended operating conditions 





MIN 


NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 


5 5.5 


V 


Vih High-level input voltage 


2.4 


6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 


0.8 


V 


Ta Operating free-air temperature 


0 


70 


°C 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as 


minimum, is used for logic-voltage levels only. 


electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


'124BBK32-60 


'124BBK32-70 


'124BBK32-80 


UNIT 


MIN MAX 


MIN 


MAX 


MIN MAX 


Voh High-level output voltage 


lOH =-5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


lOL = 4 - 2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5V, V| = 0Vto6.5V, 
All other pins = 0 V to Vcc 


±10 


±10 


±10 


MA 


lO Output current (leakage) 


VCC ■ 5.5 V, Vo = 0 V to Vcc. 
CAS high 


±10 


±10 


±10 


HA 


. Read- or write-cycle current 
' CC1 (see Note 3) 


Vcc = 5.5 V, Minimum cycle 


840 


720 


640 


mA 


ICC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H=2.4V(TTL) 


16 


16 


16 


mA 


After 1 memory cycle, 
RAS and CAS high, 
V|H= VCC~ 0.2 V (CMOS) 


8 


8 


8 


Average refresh current 
lCC3 (RAS only or CBR) 
(see Note 3) 


Vcc * 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


840 


720 


640 


mA 


. Average page current 
ICC4 (see Note 4) 


VCC = 5.5 V, tpc = minimum, 
RAS low, CAS cycling 


720 


640 


560 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V||_ 
4. Measured with a maximum of one address change while CAS = Vm 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




'2AfiCRK32-70 

CtOvDIXiM'/ w 




UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


lOH ■ " 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


IrjL - 4 - 2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5V, Vi^OVtofrSV, 
All other pins = 0 V to Vcc 


±20 


±20 


±20 


HA 


Iq Output current (leakage) 


Vcc = 5.5 V, Vo - 0 V to Vqc. 
CAS high 


±20 


±20 


±20 


HA 


. Read- or write-cycle current 

'CC1 / Qoa MotO 1\ 


Vcc ■ 5 -5 V, Minimum cycle 


856 


736 


656 


mA 


'CC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H=2.4V(TTL) 


32 


32 


32 


mA 


After 1 memory cycle, 
RAS and CAS high, 
V| H = Vcc -0.2 V (CMOS) 


16 


16 


16 


Average refresh current 
•CC3 (RAS only or CBR) 
(see Note 3) 


Vcc - 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


1680 


1440 


1280 


mA 


. Average page current 
,CC4 (see Note 4) 


Vcc = 5.5 V, tpc = minimum, 
RAS low, CAS cycling 


736 


656 


576 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V||_ 
4. Measured with a maximum of one address change while CAS = V|h 



capacitance over recommended ranges of supply voltage and operating free-air temperature 
f = 1 MHz (see Note 5) 





'124BBK32 


'248CBK32 


UNIT 


MIN MAX 


MIN MAX 


Cj(A) Input capacitance, address inputs 


40 


80 


PF 


Cj(R) Input capacitance, RAS 


28 


28 


PF 


Cj(c) Input capacitance, CAS 


14 


28 


PF 


Cj(w) Input capacitance, W 


56 


112 


PF 


c o(DQ) Output capacitance on DQ pins 


7 


14 


PF 


NOTE 5: Vcc - 5 V ± 0.5 V and the bias on pins under test is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'124BBK32-60 
'248CBK32-60 


'124BBK32-70 
'248CBK32-70 


'124BBK32-80 
'248CBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t/\A Access time from column-address 


30 


35 


40 


ns 


*CAC Access time from CAS low 


15 


18 


20 


ns 


*CPA Access time from column precharge 


35 


40 


45 


ns 


*RAC Access time from RAS low 


60 


70 


80 


ns 


tci_z CAS to output in low Z 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 
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timing requirements over recommended range of supply voltage and operating free-air 
temperature 







"I24BBK32-60 
'248CBK32-60 


'124BBK32-70 
'248CBK32-70 


•124BBK32-80 
'248CBK32-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




tRC 


Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc 


Cycle time, page-mode read or write (see Note 8) 


40 


45 


50 


ns 


tCP 


Pulse duration, CAS high 


10 


10 


10 


ns 


tCAS 


Pulse duration, CAS low 


15 


10 000 


18 


10 000 


20 


10 000 


ns 


tRP 


Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tRASP 


Pulse duration, page mode, RAS low 


60 


100 000 


70 


100 000 


80 


100 000 


ns 


tRAS 


Pulse duration, nonpage mode, RAS low 


60 


10 000 


70 


10 000 


80 


10 000 


ns 


twp 


Pulse duration, write 


15 


15 


15 


ns 


tASC 


Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR 


Setup time, row address before RAS low 


0 


0 


0 


ns 


tQS 


Setup time, data 


0 


0 


0 


ns 


tRCS 


Setup time, read before CAS low 


0 


0 


0 


ns 


*WCS 


Setup time, W low before CAS low 


0 


0 


0 


ns 


tWSR 


Setup time, W high (CBR refresh only) 


10 


10 


10 


ns 


tCWL 


Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL 


Setup time, W low before RAS high 


15 


18 


20 


ns 


tWTS 


Setup time, W low (test mode only) 


10 


10 


1 ° 


ns 


tCAH 


Hold time, column address after CAS low 


10 


15 


15 


ns 


tRAH 


Hold time, row address after RAS low 


10 


10 


10 


ns 


tAR 


Hold time, column address after RAS low (see Note 9) 


50 


55 


60 


ns 


tDHR 


Hold time, data after RAS low (see Note 9) 


50 


55 


60 


ns 


*DH 


Hold time, data 


10 


15 


15 


ns 


tRCH 


Hold time, read after CAS high (see Note 10) 


0 


0 


0 


ns 


tRRH 


Hold time, read after RAS high (see Note 10) 


0 


0 


0 


ns 


*WCH 


Hold time, write after CAS low 


15 


15 


15 


ns 


tyVHR 


Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


tWCR 


Hold time, write after RAS low 


50 


55 


60 


ns 


tWTH 


Hold time, W low (test mode only) 


10 


10 


10 


ns 


tCSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCRP 


Delay time, CAS high to RAS low 


0 


0 


0 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 1 ) 


20 


45 


20 


52 


20 


60 


ns 


tCHR 


Delay time, RAS low to CAS high (CBR refresh only) 


15 


15 


20 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 


tRAD 


Delay time, RAS low to column address (see Note 11) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 



NOTES: 7. All cycle times assume tj = 5 ns. 

8. To assure tp|_min, tASC should be * 5 ns. 

9. The minimum value is measured when tRCD is set to tRCD min as a reference. 

1 0. Either tRRH or tRCH must be satisfied for a read cycle. 

1 1 . Maximum value specified only to assure access time. 
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timing requirements over recommended range of supply voltage and operating free-air 
temperature (concluded) 





'124BBK32-60 
'248CBK32-60 


•124BBK32-70 
•248CBK32-70 


•124BBK32-80 
'248CBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tQAL Delay time, column address to CAS high 


30 


35 


40 


ns 


tRPC Dela Y time » RAS high to CAS low (CBR refresh only) 


0 


0 


0 


ns 


tRSH Dela Y time, CAS low to RAS high 


15 


18 


20 


ns 


tjAA Access time from address (test mode) 


35 


40 


45 


ns 


tjRAC Access time from RAS (test mode) 


65 


75 


85 


ns 


tTCPA Access time from column precharge (test mode) 


40 


45 


50 


ns 


tREF Refresh time interval 


16 


16 


16 


ms 


tj Transition time 


2 50 


2 50 


2 50 


ns 



device symbolization (TM124BBK32 illustrated) 



O 



TM124BBK36B 

fTmnrmm^ 



-SS 



YYMMT 



III! Illlllllllllllllllllllf lllllllll 



YY = Year Code 

MM = Month Code 

T = Assembly Site Code 

-SS s Speed Code 



NOTE: Location of symbolization may vary. 
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• Presence Detect 

• Performance Ranges: 



ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


*AA 


tCAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


•124BBK32F-60 


60 ns 


30 ns 


15 ns 


110 ns 


'124BBK32F-70 


70 ns 


35 ns 


18 ns 


130 ns 


'124BBK32F-80 


80 ns 


40 ns 


20 ns 


150 ns 


•248CBK32F-60 


60 ns 


30 ns 


15 ns 


110 ns 


'248CBK32F-70 


70 ns 


35 ns 


18 ns 


130 ns 


'248CBK32F-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Organization 
TM124BBK32F ... 1 048 576 x 32 
TM248CBK32F ... 2 097 152 x 32 

• Single 5-V Power Supply (±10% Tolerance) 

• 72-Pin Single-ln-Line Memory Module 
(SIMM) for Use With Socket 

• TM124BBK32F- Utilizes Two 16-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SOJ) Packages 

• TM248CBK32F- Utilizes Four 16-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SOJ) Packages 

• Long Refresh Period 

16 ms (1024 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines in Four Blocks 

• Enha nced P age-M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 
TM124BBK32F 

The TM124BBK32F is a 32-megabit dynamic random-access memory (DRAM) organized as four times 
1 048576 x 8 in a 72-pin SIMM. The SIMM is composed of two TMS41 81 60DZ, 1 048 576 x 1 6-bit DRAMs, each 
in a 42-lead plastic SOJ package mounted on a substrate with decoupling capacitors. The TMS418160DZ is 
described in the TMS41 81 60 data sheet. The TM1 24BBK32F SIMM is available in the single-sided BK-leadless 
module for use with sockets. 

TM248CBK32F 

The TM248CBK32F is a 64-megabit DRAM organized as four times 2 097 1 52 x 8 in a 72-pin SIMM. The SIMM 
is composed of four TMS418160DZ, 1 048 576 x 16-bit DRAMs, each in a 42-lead plastic SOJ package 
mounted on a substrate with decoupling capacitors. The TMS418160DZ is described in the TMS418160 data 
sheet. The TM248CBK32F SIMM is available in the double-sided BK-leadless module for use with sockets. 



• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Gold-Tabbed Versions Available:* 

- TM124BBK32F 

- TM248CBK32F 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

- TM124BBK32U 

- TM248CBK32U 



operation 



The TM1 24BBK32F operates as two TMS41 81 60DZs connected as shown in the functional block diagram and 
Table 1. The TM248CBK32F operates as four TMS418160DZs connected as shown in the functional block 
diagram and Table 1 . The common I/O feature dictates the use of early-write cycles to prevent contention on 
D and Q. 
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BK SINGLE-IN-LINE MEMORY MODULE 
(TOP VIEW) 



TM124BBK32F 
(SIDE VIEW) 



TM248CBK32F 
(SIDE VIEW) 



v ss 


LZD 


1 


DQO 


(ZD 


2 


DQ16 


LZD 


3 


DQ1 


[ZD 


4 


DQ17 


[ZD 


5 


DQ2 


LZD 


6 


DQ18 


I — ) 


7 


DQ3 


LZD 


8 


DQ19 


LZD 


9 


v C c 


LZD 


10 


NC 


CD 


11 


AO 


LZD 


12 


A1 


LZD 


13 


A2 


LZD 


14 


A3 


LZD 


15 


A4 


LZD 


16 


A5 


LZD 


17 


A6 


LZD 


18 


NC 


LZD 


19 


DQ4 


LZD 


20 


DQ20 


LZD 


21 


DQS 


LZD 


22 


DQ21 


LZD 


23 


DQ6 


LZD 


24 


DQ22 


LZD 


25 


DQ7 


LZD 


26 


DQ23 


CZD 


27 


A7 


LZD 


28 


NC 


LZD 


29 


vcc 


LZD 


30 


A8 


LZD 


31 


A9 


LZD 


32 


RAS3 


LZD 


33 


RAS2 


(ZD 


34 


NC 


LZD 


35 


NC 


LZD 


36 



© 



NC 

NC 
VSS 
CASO 
CAS2 
CAS3 
CAS1 
RASP 
RAS1 

NC 
W 

NC 
DQ8 
DQ24 
DQO 
DQ25 
DQ10 
DQ26 
DQ11 
DQ27 
DQ12 
DQ28 

vcc 

DQ29 
DQ13 
DQ30 
DQ14 
DQ31 
DQ15 
NC 
PD1 
PD2 
PD3 
PD4 
NC 

vss 



I ) 37 

LZD 38 

D 39 

D 40 

D 41 

D 42 

I ) 43 

LZD 44 

CD 45 

I ) 46 

D 47 

D 48 

D 49 

D 50 
_D:M 

I ) 52 

I > 53 

D 54 

I > 55 

D 56 

D 57 

D 58 

D 59 

D 60 

D 61 

I > 62 

D 63 

D 64 

LZD 65 

LZD 66 

LZD 67 

D 68 

D 69 

D 70 

D 71 

D 72 





© 



PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ31 


Data In/Data Out 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


vss 


NC 


vss 


TM124BBK32F 


70 ns 


vss 


v ss 


vss 


NC 




60 ns 


v ss 


v ss 


NC 


NC 




80 ns 


NC 


NC 


NC 


vss 


TM248CBK32F 


70 ns 


NC 


NC 


vss 


NC 




60 ns 


NC 


NC 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 




SIDE 1 


SIDE 2t 


CASx 


DQ0-DQ7 


RASO 


RAST 


CASO 


DQ8-DQ15 


RASO 


RAST 


CAST 


DQ16-DQ23 


RAS2 


RAS3 


CAS2 


DQ24-DQ31 


RAS2 


RAS3 


CAS3 



t Side 2 applies to the TM248CBK32F only. 

single-In-line memory module and components 

PC substrate: 1,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM1 24BBK32F and TM248CBK32F: Nickel plate and gold plate over copper 
Contact area for TM124BBK32U and TM248CBK32U: Nickel plate and tin/lead over copper 

functional block diagram (TM124BBK32F and TM248CBK32F, side 1) 



A0-A9 




1Mx16 


A0-A9 


DQ0- 


RAS 


DQ7 


W 




LCAS 


DQ8- 


UCAS 


DQ15 



-D16-D23 
•D24-D31 



functional block diagram (TM248CBK32F, side 2) 



A0-A9 - 



RAS1 — ! 
W 



CAS1 - 
CAS0 • 



1Mx16 
A0-A 9 DQ0- 
RAS DQ7 

W 

DQ8- 
DQ15 



LCAS 



UCAS 



D8-D15 
D0-D7 




1Mx16 


A0-A9 


DQ0- 


RAS 


DQ7 


W 




LCAS 


DQ8- 


UCAS 


DQ15 



D24-D31 
D16-D23 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1) ... - 1 V to 7 V 

Voltage range on any pin (see Note 1) . - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation: TM1 24BBK32F, TM1 24BBK32U 2 W 

TM248CBK32F, TM248CBK32U 4 W 

Operating free-air temperature range, Ta . ...... . 0°C to 70°C 

Storage temperature range, T stg - 55°C to 125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V|H High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'124BBK32F-60 


•124BBK32F-70 


'124BBK32F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


lOH = ~ 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


lOL ■ 4.2 mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


Vcc * 5.5 V, V| = 0Vto6.5V, 
All other pins = 0 V to Vcc 


±10 


± 10 


±10 


MA 


Iq Output current (leakage) 


Vcc- 5.5 V, 

Vo = 0VtoVcc. 
CAS high 


±10 


±10 


±10 


uA 


. Read- or write-cycle 
'CC1 curr e n t 


Vcc " 5.5 V, Minimum cycle 


180 


160 


140 


mA 


ICC2 Standby current 


V| H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


4 


4 


4 


mA 


V|H 88 Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


2 


2 


2 


mA 


, Average refresh current 
,CC3 (RA§ only or CBR) 


Vcc = 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


180 


160 


140 


mA 


ICC4 Average page current 


Vcc s 5.5 V, tpc = MIN, 
RAS low, CAS cycling 


180 


160 


140 


mA 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) t 



PARAMETER 


TEST CONDITIONS 


'248CBK32F-60 


'248CBK32F-70 


'248CBK32F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


IfJH = ~5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


Iql ■ 4 -2 mA 


0.4 


0.4 


0.4 


V 


. Input current (leak- 
age) 


Vcc-S.SV, V| = 0Vto6.5V, 
All other pins = 0 V to Vcc 


±10 


±10 


±10 


HA 


. Output current 
10 (leakage) 


Vcc^s.sv, 

Vo = 0VtoVcc. CAS high 


±20 


±20 


±20 


HA 


. Read- or write-cycle 
'CC1 curr ent (see Note 3) 


Vcc - 5 - 5 V, Minimum cycle 


184 


164 


144 


mA 


•CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


8 


8 


8 


mA 


V|H* V C C -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


4 


4 


4 


mA 


Average refresh 
ICC3 current (RAS only or 
CBR) (see Note 3) 


Vcc 55 5 - 5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


360 


320 


280 


mA 


. Average page current 
'CC4 (see Note 4) 


Vcc = 5.5 V, tpc«MIN, 
RAS low, CAS cycling 


184 


164 


144 


mA 



t For test conditions shown as MIN/MAX, use the appropriate value sp ecifie d under recommended operating conditions. 
NOTES: 3. Measured with a maximum of one address change while RAS = V|[_ 
4. Measured with a maximum of one address change while CAS = V|h 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


'124BBK32F 


'248CBK32F 


UNIT 


MIN MAX 


MIN MAX 


Ci(A) Input capacitance, AO- A9 


10 


20 


PF 


Ci(R) Input capacitance, RAS inputs 


7 


7 


PF 


Cj(c) Input capacitance, CAS inputs 


7 


14 


PF 


Cj(w) Input capacitance, W 


14 


28 


PF 


Co(DQ) Output capacitance on DQ0-DQ31 


7 


14 


PF 



NOTE 5: Vcc = 5 V ± 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'124BBK32F-60 
'248CBK32F - 60 

iifOVhllAWftl WW 


'124BBK32F-70 
'248CBK32F-70 


'124BBK32F-80 
'248CBK32F - 80 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 


tA/\ Access time from column address 


30 


35 


40 


ns 


tQAC Access time from CAS low 


15 


18 


20 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tQPA Access time from column precharge 


35 


40 


45 


ns 


tct_Z CAS to output in low-impedance state 


0 


0 


0 


ns 


toH Output disable time from start of CAS high 


3 


3 


3 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 


NOTE 6: toFF is specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 




'124BBK32F-60 
'248CBK32F-60 


'124BBK32F-70 
'248CBK32F-70 


'124BBK32F-80 
'248CBK32F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tRWC Cycle time, read-write 


155 


181 


205 


ns 


tpc Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP Puise duration, page mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low 


60 10 000 


70 10000 


80 10 000 


ns 


*CAS Puise duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Puise duration, RAS high (precharge) 


40 


50 


60 


ns 


tyvp Pulse duration, W low 


10 


10 


10 


ns 


*ASC Setup time, column address before CAS iow 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tps Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tcwL Setup time, W low before CAS high 


15 


18 


20 


ns 


*RWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low 


0 


0 


0 


ns 


twRP Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


tcAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tRHCP Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


*DH Hold time - data after CAS low 


10 


15 


15 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 9) 


0 


0 


0 


ns 



NOTES: 7. All cycles assume tj = 5 ns. 

8. To assure tpc min, tASC should be step. 

9. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'124BBK32F-60 
'248CBK32F-60 


'124BBK32F-70 
'248CBK32F-70 


'124BBK32F-80 
'248CBK32F-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




*WCH 


Hold time, w low after cas low 


10 


15 


15 


ns 


tWRH 


Hold time, w high after HAS low (CBR refresh only) 


10 


10 


10 


ns 


tCHR 


Delay time, has low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tCRP 


ueiay time, uao nign to hao low 


5 


5 


5 


ns 


*CSH 


HaUii 4!«ma DAO Iah« Aa ^AO L%S^>1» 

Delay time, HAS low to CAS high 


60 


70 


80 


ns 


*CSR 


ueiay nine, v^mo low to ri/\o low (^Dn reiresn oniyj 


5 


5 


5 


ns 


tRAD 


Delay time, RAS low to column address (see Note 10) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (CBR only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


tT 


Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTE 10: The maximum value is specified only to assure access time. 



device symbolization (TM124BBK32F illustrated) 




TM124BBK32F -SS YYMMT 

IQQQMQTOQQQQOmQQMnm 



YY = Year Code 

MM = Month Code 

T = Assembly Site Code 

-SS = Speed Code 

NOTE: Location of symbolization may vary. 
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I • Organization . . . 4194304 x 32 
I • Single 5-V Power Supply (±10% Tolerance) 
I • 72-Pln Single-ln-Llne Memory Module 
I (SIMM) for Use With Sockets 
I • Utilizes Eight 16-Megabit DRAMs in Plastic 
Small-Outline J-Lead (SOJ) Packages 

• Long Refresh Period 

32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines in Four Blocks 

• Enha nced P age M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 



TM497BBK32, TM497BBK32S 
4194304 BY 32-BIT 
DYNAMIC RAM MODULE 

SMMS433B - JANUARY 1 993 - REVISED JUNE 1 995 



• Presence Detect 



• Performance Ranges: 





ACCESS 


ACCESS 


ACCESS READ OR 




TIME 


TIME 


TIME 


WRITE 




tRAC 


tAA 


tCAC 


CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'497BBK32-60 


60 ns 


30 ns 


15 ns 


110 ns 


'497BBK32-70 


70 ns 


35 ns 


18 ns 


130 ns 


•497BBK32-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air-Temperature Range 

0°C to 70°C 

• Gold-Tabbed Version Avallable:t 
TM497BBK32 

• Tin-Lead (Solder) Tabbed Version 
Available: TM497BBK32S 



The TM497BBK32 is a 1 6M-byte dynamic random-access memory (DRAM) organized as four times 4 1 94304 
x 8 in a 72-pin ieadless single-in-line memory module (SIMM). The SIMM is composed of eight TMS417400DJ, 
4194304 x 4-bit DRAMs, each in 24/26-lead plastic small-outline J-lead (SOJ) packages mounted on a 
substrate with decoupling capacitors. The TMS417400DJ is described in the TMS417400 data sheet. 

The TM497BBK32 SIMM is availa ble in the single-sided BK Ieadless module for use with sockets. The 
TM497BBK32 SIMM features RAS access times of 60 ns, 70 ns, and 80 ns. This device is characterized for 
operation from 0°C to 70°C. 

operation 

The TM497BBK32 operates as eight TMS41 7400DJs connected as shown in the functional block diagram and 
Table 1 . The common I/O feature dictates the use of early write cycles to prevent contention on D and Q. 

refresh 

The r efresh period is exten ded to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

power up 

To achieve proper operation, an initial pause of 200 \*s followed by a minimum of eight initialization cycles is 
requir ed after full Vcc level is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only or CBR) cycle. 



PRODUCTION DATA information is currant as of publication date. Copyright © 1 995, Texas Instruments Incorporated 

Products conform to specifications par tht terms of Texas Instruments Wim 

standard warranty. Production processing does not necessarily include *W TV*-«»- a <-* 
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BK SINGLE-IN-UNE PACKAGE 
(TOP VIEW) 



(SIDE VIEW) 



Vss 


I ) 1 


OQO 


[ZD 2 


DQ16 


(ZD 3 


D01 


(ZD 4 


DQ17 


(ZD 5 


DQ2 


I ) 6 


DQ18 


I ) 7 


DQ3 


(ZD 8 


DQ19 


I ) 9 


Vqc 


I — ) 10 


NC 


I — ) 11 


AO 


I > 12 


A1 


I > 13 


A2 


(ZD 14 


A3 


I > 15 


A4 


I ) 16 


AS 


I ) 17 


A6 


r > is 


A10 


I > 19 






DQ20 


| ) 21 


DQ5 


LZD 22 


DQ21 


| •) 23 


006 


| 24 


DQ22 


[ ^ 25 


DQ7 


| ") 26 


DQ23 


| ) 27 


A7 


! ? 


NC 


I / 29 


V CC 


} ? ^ 






A9 


I 7 32 


NC 


! ? jj® 


RAS2 


I / 3* 


NC 


| ) 35 


NC 






\ 
J 


NC 


I > 37 


NC 


I ) 38 


V S S 


I > 39 


CASO 


I ) 40 


CAS2 


LZD 41 


CAS3 


(ZD 42 


CAS1 


I ) 43 


RASO 


CZD 44 


NC 


(ZD 45 


NC 


I ) 46 


W 


LZD 47 


NC 


LZD 48 


DQ8 


LZD 49 


DQ24 


I ) 50 


DQ9 


I ~> 51 


DQ25 


I > 52 


DQ10 


LZD 53 


DQ26 


LZD 54 


DQ11 


LZD 55 


DQ27 


LZD 56 


DQ12 


I > 57 


DQ28 


I > 58 


v cc 


I > 59 


DQ29 


I > 60 


DQ13 


I > 61 


DQ30 


I > 62 


DQ14 


I > 63 


DQ31 


LZD 64 


DQ15 


I > 65 


NC 


I > 66 


PD1 


LZD 67 


PD2 


LZD 68 


PD3 


I > 69 


PD4 


LZD 70 


NC 


LZD 71 


v S s 


LZD 72 



© 




© 



0 

0 

0 

0 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ31 


Data In /Data Out 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RASO, RAS2 


Row-Address Strobe 


v C c 


5-V Supply 


vss 


Ground 


W 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


NC 


NC 


vss 


TM497BBK32 


70 ns 


vss 


NC 


vss 


NC 




60 ns 


V S§ 


NC 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 


CASx 


DQ0-DQ7 


RASO 


CASO 


DQ8-DQ15 


RASO 


CAST 


DQ16-DQ23 


RAS2 


CAS2 


DQ24-DQ31 


RAS2 


CAS3 



slngle-ln-llne memory module and components 

PC substrate: 1 ,27 ±0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM497BBK32: Nickel plate and gold plate over copper 
Contact area for TM497BBK32S: Nickel plate and tin-lead over copper 
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functional block diagram 



A0 -A10 - 
RASO- 

W- 

CASO- 



11 



r 



CAS1 ■ 



11 



4Mx4 
A0-A10 
RAS 
W 

CAS 
OE 

DQ1- 
DQ4 



DQO- -L 
DQ3 



4Mx4 
A0-A10 
RAS 
W 

CAS 
OE 

DQ1- 
DQ4 



RAS2- 



CAS2- 



11 



4Mx4 
A0-A10 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ8- 
DQ11 



X 



11 



DQ4- 
DQ7 



r 



4Mx4 

A0-A10 

RAS 

W 

CAS 
OE 
DQ1- 
DQ4 



CAS3- 



11 



4Mx4 
A0-A10 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ16- 
DQ19 



r 



DQ12- 
DQ15 



r 



4Mx4 
A0-A10 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



4Mx4 
A0-A10 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ24- 
DQ27 



DQ20- _T~ 
DQ23 



4Mx4 

A0-A10 

RAS 

W 

CAS 
OE 
DQ1- 
DQ4 



DQ28- 
DQ31 



|0„ DO 

Is 2 s 

is 3 

m IO 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1 ) - 1 V to 7 V 

Voltage range on any pin (see Note 1) -1Vto7V 

Short-circuit output current 50 mA 

Power dissipation 8W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T s t g - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V§s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


- 1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


'497BBK32-60 


'497BBK32-70 


•497BBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vqh High-level output voltage 


•OH ="5mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


•OL 88 4 - 2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc - 5.5 V, V| * 0 V to 6.5 V, 
All others = 0Vto Vcc 


±80 


±80 


±80 


MA 


lO Output current (leakage) 


Vqc = 5.5 V, Vo = 0VtoVcc. 
CAS high 


±10 


±10 


±10 


HA 


. Read- or write-cycle current 
' CC1 (see Note 3) 


Vcc* 5 -5 V, Minimum cycle 


880 


800 


720 


mA 


•CC2 Standby current 


V|H = 2.4V0TL), 
After 1 memory cycle, 
RAS and CAS high 


16 


16 


16 


mA 


V|H 38 Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


8 


8 


8 


mA 


Average refresh current 

ICC3 (has ° n, y or CBR ) 
(see Note 3) 


V CC = 5.5 V, Minimum cycle, 
RAS cycling, CAS high 
(RAS only); RAS low after 
CAS low (CBR) 


880 


800 


720 


mA 


. Average page current 
'CC4 ( S ee Note 4) 


Vqc = 5.5 V, tpc = MIN, 
RAS low, CAS cycling 


560 


480 


400 


mA 



* For test conditions shown as MIN /MAX, use the appropriate value sp ecifie d under recommended operating conditions. 
NOTES: 3. Measured with a maximum of one address change while RAS = Vil 
4. Measured with a maximum of one address change while CAS = Vm 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


c i(A) Input capacitance, address inputs 


40 


PF 


Cj(p) input capacitance, RAS inputs 


28 


PF 


Cj(Q Input capacitance, CAS inputs 


14 


PF 


c i(W) Input capacitance, write-enable input 


56 


PF 


C 0 (dq) Output capacitance on DQ pins 


7 


PF 


NOTE 5: Vqc - 5 V ± 0.5 V, and the bias on pins under test is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


•497BBK32-60 


'497BBK32-70 


'497BBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


tCAC Access time from CAS low 


15 


18 


20 


ns 


tcpA Access time from column precharge 


35 


40 


45 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tcLZ CAS to output in low-impedance state 


0 


0 


0 


ns 


toH Output disable time from start of CAS high 


3 


3 


3 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'497BBK32-60 


'497BBK32-70 


'497BBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*RC Cvc,e time « random read or write (see Note 7) 


110 


130 


150 


ns 


tpc Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page-mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


*RAS Pulse duration, non-page-mode, RAS low 


60 10 000 


70 10 000 


80 10 000 


ns 


tCAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tpp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


t\/yp Pulse duration, W low 


10 


10 


10 


ns 


f ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tQS Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W-low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W-low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W-low before CAS low 


0 


o 


0 


ns 


twRP Setup time, W-high before RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7. All cycles assume tj = 5 ns. 

8. To assure tpc min, tflsc should be 2 tcp 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 







'497BBK32-60 


'497BBK32-70 


'497BBK32-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*CAH 


Hnlri timo pnhimn oriHroce oftor r^AQ Inui 
nuiu wile, lA/iuiiill ouuieos oiler wno IvJW 


10 


15 


15 


ns 


*RHCP 


Mnlrl timo D AC foSnh frnm PAQ nronhama 

noia who, riMO niyn irorn wno procnarye 


35 


40 


45 


ns 


*DH 


HnlH timo Hata oftor f^AQ Imu 
nuiu mile, uala auoi wAO low 


10 


15 


15 


ns 


*RAH 


MnlH timo mu/ aHHraee aft<*r D AC Irtuj 

noia nine, row ouuress aner rv/\o low 


10 


10 


10 


ns 


tRCH 


HnlH timo \A/ hinh attar PAQ hinh /cqq Mrtto Q\ 

noia urrie, vv niyn oner umo niyn ysee iNOie yj 


0 


0 


0 


ns 


*RRH 


HnlH timA W hinh after RAQ hinh fenn Kioto Q\ 
nuiu nine, vv niyn oner nMO niyn ^see woio 9) 


0 


0 


0 


ns 


tyVCH 


nolo lime, VV low 01X61 Una low 


10 


15 


15 


ns 


*WRH 


Hnlri timo VA/ hinh aftor DAC lr\\u ^BD rofrach nn M 

noia iime, w niyn aner rv/\o tow i^L/Dn reiresn omyj 


10 


10 


10 


y ns 


*CHR 


ftalow timA DAC Ismm to P AO hi/ih /PE3D rafraeK nnKA 

ueioy iime, rvMO low 10 Ono niyn (oon rerrosn only/ 


10 


10 


10 


ns 


*CRP 


Dolav timo <*^AQ hinh tn RAC \n\Ai 
i>/oioy wire, vmo niyn 10 itmo low 


5 


5 


5 


ns 


*CSH 


r^olav timo RAQ inui tn f*AQ hinh 
L/eicty nine, n/Ao iow 10 vno niyn 


60 


70 


80 


ns 


*CSR 


DaIav timA f^AS Inw tn RAft Inw /T^RR rofroQh nnl\/\ 


5 


5 


5 




tRAD 


Delay time, RAS low to column address (see Note 10) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (CBR only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


32 


32 


32 


ms 




Transition time 


3 


30 


3 


30 


3 


30 


ns 



9. Either irrh or tRCH mu st be satisfied for a read cycle. 
1 0. The maximum value is specified only to assure access time. 



device symbolization 



O 



o 



TM497BBK32 



-SS 



YYMMT 



IlllllllllllllllllllllllllllUlllllliSlllllllllllllllllllllllllllllllllllll 



YY = Year Code 

MM s Month Code 

T = Assembly Site Code 

-SS = Speed Code 

NOTE: The location of the part number may vary. 
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• Organization 
TM893CBK32 . . . 8388608 x 32 Bit 

• Single 5-V Power Supply (±10% Tolerance) 

• 72-Pin, Leadless Single In-Line Memory 
Module (SIMM) for Use With Sockets 

• TM893CBK32 - Utilizes Sixteen 16-Megabit 
Dynamic RAMs in Plastic Small-Outline 
J-Lead (SOJ) Packages 

• Long Refresh Period 

32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully in- 
compatible 

• 3-State Output 

• Common CAS Control for Eight Common 
Data-in and Data-Out Lines in Four Blocks 

• Enha nced P age-M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

description 



• Presence Detect 

• Performance Ranges: 





ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




*RAC 


tAA 


tCAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'893CBK32-60 


60 ns 


30 ns 


15 ns 


110 ns 


'893CBK32-70 


70 ns 


35 ns 


18 ns 


130 ns 


'893CBK32-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air-Temperature Range 

0°C to 70°C 

• Gold-Tabbed Versions Available:* 

TM893CBK32 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

TM893CBK32S 



The TM893CBK32 is a 32-megabyte, dynamic random-access memory organized as four times 8388608 x 8 
bits in a 72-pin, leadless single in-line memory module (SIMM). The SIMM is composed of 16 TMS417400DJ, 
4194304 x 4-bit dynamic RAMs, each in 24/26-lead plastic small-outline J-lead (SOJ) packages mounted on 
a substrate with decoupling capacitors. The TMS417400DJ is described in the TMS417400 data sheet. The 
TM893CBK32 SIMM is available in the double-sided BK leadless module for use with sockets. 



operation 

The TM893CBK32 operates as sixteen TMS41 7400DJs connected as shown in the functional block diagram 
and Table 1 . The common I/O feature dictates the use of early-write cycles to prevent contention on D and Q. 

refresh 

The refresh period is extended to 3 2 ms, and during this period each of the 2048 rows must be strobed with RAS 
to retain data. To conserve power, CAS can remain high during the refresh sequence. 

power up 

To achieve proper operation, an initial pause of 200 |xs followed by a minimum of eight initialization cycles is 
r equir ed after full Vqc level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 
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BK SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 



TM893CBK32 
(SIDE VIEW) 



DQ18 
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DQ17 
DQ2 

DQ18 
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DQ19 

V S8 

AO 
A1 
A2 
A3 
A4 
A6 
A6 
A10 
DQ4 
DQ20 
DQ5 
DQ21 
DQ6 
DQ22 
DQ7 
DQ23 
A7 
NC 

Vcc 

A8 

_A9 
RAS3 
RAS2 
NC 
NC 



NC 

_sfi 

CASQ 
CAS2 
CAS3 
CAS1 
RASP 
RAS1 

w 

NC 
DQ8 
DQ24 
DQ9 
DQ25 
DQ10 
DQ26 
DQ11 
DQ27 
DQ12 
DQ28 

VCC 
DQ29 
DQ13 
OQ30 
DQ14 
DQ31 
DQ15 
NC 
PD1 
PD2 
PD3 
PD4 
NC 
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38 
39 
40 
41 
42 
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© 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ31 


Data In/Data Out 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 



PRESENCE DETECT 


SIGNAL (PIN) 


PD1 

(67) 


PD2 
(68) 


PD3 
(69) 


PD4 

(70) 




80 ns 


NC 


vss 


NC 


vss 


TM893CBK32 


70 ns 


NC 


vss 


vss 


NC 




60 ns 


NC 


vss 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 


5£§x 


SIDE 1 


SIDE 2 


DQ0-DQ7 


RASO 


RAST 


CASO 


DQ8-DQ15 


RASO 


RAST 


CAST 


DQ16-DQ23 


RAS2 


RAS3 


CAS2 


DQ24-DQ31 


RAS2 


RAS3 


CAS3 



single in-line memory module and components 

PC substrate: 1 ,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM893CBK32: Nickel plate and gold plate over copper 
Contact area for TM893CBK32S: Nickel plate and tin-lead over copper 
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functional block diagram (side 1) 
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r 



DQ20- 
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functional block diagram (side 2) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Voltage range on Vqc (see Note 1 ) - 1 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation (TM893CBK32) 16 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'893BBK32-60 


•893BBK32-70 


'893BBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vqh High-level output voltage 


lOH =- 5 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


lOL = 4.2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±20 


±20 


±20 


HA 


lO Output current (leakage) 


Vqc = 5.5 V, Vq = 0 V to Vqc. 
CAS high 


±20 


±20 


±20 


HA 


. Read or write cycle current 
' CC1 (see Note 3) 


Vqc = 5.5 V, Minimum cycle 


896 


816 


736 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


32 


32 


32 


mA 


VlH-Vcc- 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


16 


16 


16 


mA 


Average refresh current 
ICC3 (RAS only or CBR) 
(see Note 3) 


V CC ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


1760 


1600 


1440 


mA 


. Average page current 
,CC4 (see Note 4) 


V CC ■ 5.5 V, tpc ■ Minimum, 
RAS low, CAS cycling 


576 


496 


416 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = Vjl 
4. Measured with a maximum of one address change while CAS = V||-| 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


'893CBK32 


UNIT 


MIN MAX 


Cj(A) Input capacitance, AO- A10 


80 


PF 


Cj(R) Input capacitance, RAS inputs 


28 


PF 


Cj(c) Input capacitance, CAS inputs 


28 


PF 


c i(W) Input capacitance, W 


112 


PF 


c o(DQ) Output capacitance on DQ pins 


14 


PF 


NOTE 5: Vqc ■ 5 v * 0.5 V and the bias on pins under test is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 


PARAMETER 


'893CBK32-60 


'893CBK32-70 


•893CBK32-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t£A Access time from column-address 


30 


35 


,40 


ns 


tCAC Access time from CAS low 


15 


18 


20 


ns 


tcpA Access time from column precharge 


35 


40 


45 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tCLZ CAS to output in the low-impedance state 


0 


0 


0 


ns 


toH Output disable from start of CAS high 


3 


3 


3 


ns 


tOFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 







'893CBK32-60 


'893CBK32-70 


'893CBK32-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tRC 


Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc 


Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP 


Pulse duration, page mode, RAS low 


60 


100 000 


70 


100 000 


80 


100 000 


ns 


tRAS 


Pulse duration, nonpage mode, RAS low 


60 


10 000 


70 


10 000 


80 


10 000 


ns 


tCAS 


Pulse duration, CAS low 


15 


10 000 


18 


10 000 


20 


10 000 


ns 


*CP 


Pulse duration, CAS high (precharge) 


10 


10 


10 


ns 


tRP 


Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp 


Pulse duration, W low 


10 


10 


10 


ns 


tASC 


Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR 


Setup time, row address before RAS low 


o 


0 


0 


ns 


*DS 


Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS 


Setup time, W high before CAS low 


0 


0 


0 


ns 


tCWL 


Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL 


Setup time, W low before RAS high 


15 


18 


20 


ns 


twcs 


Setup time, W low before (precharge) CAS low 


0 


0 


0 


ns 


tWRP 


Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7. All cycles assume tr = 5 ns. 

8. To assure tpc min, tASC should be ar top 



6-60 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TM893CBK32, TM893CBK32S 
8388608 BY 32-BIT 
DYNAMIC RAM MODULE 

SMMS652A- FEBRUARY 1 995 - REVISED JUNE 1995 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (concluded) 







'893CBK32-60 


'893CBK32-70 


'893CBK32-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*CAH 


Hold time, column address after CAS low 


10 


15 


15 


ns 


*DH 


Hold time, data after CAS and W low 


10 


15 


15 


ns 


tRAH 


Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH 


Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


tRRH 


Hold time, W high after RAS high (see Note 9) 


0 


0 


0 


ns 


tRHCP 


Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


tyyCH 


Hold time, W low after €AS low 


10 


15 


15 


ns 


A/VRH 


Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


tCHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


*CRP 


Delay time, CAS high to RAS low 


5 


5 


5 


ns 


*CSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tRAD 


Delay time, RAS low to column address (see Note 10) 


15 


30 


15 


35 




40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (CBR refresh only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


32 


32 


32 


ms 


tT 


Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTES: 9. Either tRRH or tRCH must be satisfied for a read cycle. 

1 0. The maximum value is specified only to assure access time. 
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Organization 

TM124MBK36B ... 1 048 576 x 36 
TM248NBK36B ... 2 097 1 52 x 36 

Single 5-V Power Supply (±10% Tolerance) 
72-pln Leadless Single In-Llne Memory 
Module (SIMM) for Use With Sockets 
TM124MBK36B-Utillzes Eight 4-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SOJ) Pack ages and One 4-Megabit 
Quad-CAS DRAM in a Plastic Small-Outline 
J-Lead (SOJ) Package 
TM248NBK36B-Utilizes Sixteen 4-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SOJ) Pack ages and Two 4-Megabit 
Quad-CAS DRAMs in Plastic Small-Outline 
J-Lead (SOJ) Packages 
Long Refresh Period 
16 ms (1024 Cycles) 

All Inputs, Outputs, Clocks Fully TTL 
Compatible 

3-State Output 

Common CAS Control for Nine Common 
Data-in and Data-Out Lines, In Four Blocks 

Enha nced P age M ode O perati on with 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 



• Presence Detect 

• Performance Ranges: 



ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


*AA 


*CAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


•124MBK36B-60 


60 ns 


30 ns 


15 ns 


110 ns 


'124MBK36B-70 


70 ns 


35 ns 


18 ns 


130 ns 


'124MBK36B-80 


80 ns 


40 ns 


20 ns 


150 ns 


'248NBK36B-60 


60 ns 


30 ns 


15 ns 


110 ns 


•248NBK36B-70 


70 ns 


35 ns 


18 ns 


130 ns 


'248NBK36B-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Gold-Tabbed Versions Available:t 

- TM124MBK36B 

- TM248NBK36B 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

- TM124MBK36R 

- TM248NBK36R 



description 
TM124MBK36B 

The TM124MBK36B is a dynamic random-access memory (DRAM) organized as four times 1 048 576 x 9 
(bit 9 is generally used for parity) in a 72-pin leadless single in-line memory module (SIMM). The SIMM is 
composed of eight TMS44400DJ, 1 048 576 x 4-bit DRAMs, each in 20/26 -lead plastic small-outline J-lead 
packages (SOJs), and one TMS44460DJ, 1 048 576 x 4-bit Quad-CAS DRAM in a 24/26-lead plastic 
small-outline J-lead package (SOJ), mounted on a substrate with decoupling capacitors. Each TMS44400DJ 
and TMS44460DJ is described in the TMS44400 or TMS44460 data sheet, respectively. 

The TM1 24MBK36B is available in the single-sided BK leadless module for use with sockets. 

The TM1 24MBK36B features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation 
from 0°C to 70°C. 

TM248NBK36B 

The TM248NBK36B is a DRAM organized as four times 2 097 1 52 x 9 (bit 9 is generally used for parity) in a 
72-pin leadless SIMM. The SIMM is composed of sixteen TMS44400DJ, 1 048 576 x 4-bit DRAMs, ea ch in 
20/26-lead plastic small-outline J-lead packages (SOJs), and two TMS44460DJ, 1 048 576 x 4-bit Quad-CAS 
DRAMs, each in a 24/26-lead plastic small-outline J-lead package (SOJ), mounted on a substrate with 
decoupling capacitors. Each TMS44400DJ and TMS44460DJ is described in the TMS44400 and TMS44460 
data sheet, respectively. 
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TM248NBK36B (continued) 

The TM124NBK36B is available in the double-sided BK leadless module for use with sockets. 

The TM124NBK36B features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation 
from 0°Cto70°C 

operation 

TM124MBK36B 

The TM124MBK36B operates as eight TMS44400DJs and one TMS44460DJ connected as shown in the 
functio nal block diagram and Table 1 . The parity bits are provided by the TMS4446 0DJ an d are controlled by 
RAS2. To ensure proper parity bit operation all memory accesses should include a RAS2 pulse. Refer to the 
TMS44400 and TMS44460 data sheets for details of operation. The common I/O feature dictates the use of 
early write cycles to prevent content on on D and Q. 

TM248NBK36B 

The TM248NBK36B operates as sixteen TMS44400DJs and two TMS44460DJs connected as shown in the 
functio nal block dia gram a nd Table 1 . The parity bits are provided by the TMS44460DJ and are controlled by 
RAS2on si de 1 an d RAS3 on side 2. To ensure proper parity bit operation, all memory accesses should include 
a RAS2 or RAS3 pulse. Refer to the TMS44400 and TMS44460 data sheets for details of operation. The 
common I/O feature dictates the use of early write cycles to prevent contention on D and Q. 
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BK SINGLE IN-LINE MEMORY MODULE 
(TOP VIEW) 



TM124MBK36B 
(SIDE VIEW) 



TM248NBK36B 
(SIDE VIEW) 
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I > 15 


A4 


I ) 16 


A5 


CD 17 


A6 


I > 18 


NC 


I > 19 


DQ4 


I ) 20 


DQ22 


[ZD 21 


DQ5 


I ) 22 


DQ23 


CZD 23 


DQ6 


I > 24 


DQ24 


CZD 25 


DQ7 


IZD 26 


DQ25 


I ) 27 


A7 


I ) 28 


NC 


CD 29 


VcC 


CD 30 


A8 


CD 31 


A9 


CD 32 


RAS3 


CD 33 


RAS2 


CD 34 


DQ26 


CZD 35 


DQ8 


CZD 36 




s 

J 


DQ17 


CZD 37 


DQ35 


I ) 38 


Vss 


I ) 39 


CASO 


I ) 40 


CAS2 


CD 41 


CAS3 


I ) 42 


CAS1 


CZD 43 


RASO 


CD 44 


RAS1 


I ) 45 


NC 


CD 46 


W 


CD 47 


NC 


I ) 48 


DQ9 


I ) 49 


DQ27 


CD 50 


DQ10 


I > 51 


DQ28 


I ) 52 


DQ11 


I ) 53 


DQ29 


tZD 54 


DQ12 


I 3 55 


DQ30 


I ) 56 


DQ13 


I ) 57 


DQ31 


I > 58 


v C c 


I ^ 59 


DQ32 


CD 60 


DQ14 


I > 61 


DQ33 


CD 62 


DQ15 


CD 63 


DQ34 


CD 64 


DQ16 


I > 65 


NC 


CZD 66 


PD1 


CD 67 


PD2 


1 ) 68 


PD3 


CZD 69 


PD4 


CD 70 


NC 


CD 71 


v S s 


I ) 72 



© 



© 



PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ35 


Data In/Data Out 


NC 


No Connection 


PD1- PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


w 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


v S s 


NC 


v S s 


TM124MBK36B 


70 ns 


v ss 


vss 


v ss 


NC 




60 ns 


vss 


vss 


NC 


NC 




80 ns 


NC 


NC 


NC 


vss 


TM248NBK36B 


70 ns 


NC 


NC 


v ss 


NC 




60 ns 


NC 


NC 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 


CASx 


SIDE 1 


SIDE2T 


DQ0-DQ7 
DQ8 


RASO 
RAS2 


RAST 
RAS3 


Saso 

CASO 


DQ9-DQ16 
DQ17 


RASO 
RAS2 


RAST 
RAS3 


CAST 
CAS1 


DQ18-DQ25 
DQ26 


RAS2 
RAS2 


RAS3 
RAS3 


CAS2 
CAS2 


DQ27-DQ34 
DQ35 


RAS2 
RAS2 


RAS3 
RAS3 


CAS3 
CAS3 



t Side 2 applies to the TM248NBK36B only. 



single-In-line memory module and components 

PC substrate: 1 ,27 ±0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM124MBK36B and TM248NBK36B: Nickel plate and gold plate over copper 
Contact area for TM1 24MBK36R and TM248NBK36R: Nickel plate and tin-lead over copper 
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functional block diagram (TM124MBK36B and TM248NBK36B, side 1) 



A0-A9 ^ 

RASO 

W 

CASO — | 



CAS1 



10 



r 



1Mx4 
A0-A 9 
RAS 
W 

CAS 
OE 

DQ1- 
DQ4 



r 

DQO- - 
DQ3 



10 



r 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ4- 
DQ7 



r 



RAS2- 



CAS2- 



10 



1Mx4 

A0-A9 

RAS 

W 

CAS 
OE 
DQ1- 
DQ4 



DQ9- 
DQ12 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



r 



DQ13- 
DQ16 



1Mx4 
A0-A9 
RAS 



CAS 
OE 
DQ1- 
DQ4 



DQ18- 
DQ21 



X 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



r 



DQ22- 
DQ25 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ27- 
DQ30 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ31- 
DQ34 



10 



1Mx4 
A0-A9 
RAS 

W 

CAS4 DQ4 



O-D035 
CAS3 DQ3 0-D026 



CAS2 
CAS1 
OE 



DQ2 
DQ1 



DQ17 
O-D08 



functional block diagram (TM248NBK36B, side 2) 



A0-A9 




A0-A9 




RAS 




W 




CAS4 


DQ4 


CAS3 


DQ3 


CAS2 


DQ2 


CAS1 


DQ1 



DQ31- 
DQ34 



-0-DQ35 



•in 

>OgCD 
iSJDOi CD 
Sow II 

= is 
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TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 

SMMS137E- JANUARY 1991 - REVISEDJUNE 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Voltage range on any pin (see Note 1) - 1 V to 7 V 

Voltage range on Vcc (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 9W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg . — - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss> 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'124MBK36B-60 


•124MBK36B-70 


'124MBK36B-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


lOH = - 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


Iql = 4.2 mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


Vcc^S-SV, V| = 0Vto6.5V, 
All other pins » 0 V to Vcc 


±10 


±10 


±10 


HA 


. Output current 
0 (leakage) 


Vqc s 5-5 V, Vq = 0 V to Vcc. 
CAS high 


±10 


±10 


±10 


HA 


. Read or write cycle 
' CC1 current (see Note 3) 


Vcc ■ 5 - 5 v « Minimum cycle 


945 


810 


720 


mA 


ICC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


18 


18 


18 


mA 


After 1 memory cycle, 

RAS and CAS high, 

V|H = Vcc -0.2 V (CMOS) 


9 


9 


9 


mA 


Average refresh current 

'CC3 (has on, y or CBR ) 
(see Note 3) 


Vcc = 5 - 5 v t Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


945 


810 


720 


mA 


. Average page current 
'CC4 (see Note 4) 


Vcc = 5.5 V, tpc = minimum, 
RAS low, CAS cycling 


810 


720 


630 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V||_ 
4. Measured with a maximum of one address change while CAS = Vih 
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TM248NBK36B, TM248NBK36R 2097152 BY 36-BIT 
DYNAMIC RAM MODULE 

SMMS1 37E - JANUARY 1 991 - REVISEDJUNE 1 995 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'248NBK36B-60 


'248NBK36B-70 


'248NBK36B-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0 H voltage 


Iqh s ~ 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


lOL " 4 - 2 mA 


0.4 


0.4 


0.4 


v 


l| Input current (leakage) 


Vcc = 5.5V, V|*0Vto6.5V, 
All other pins = 0 V to Vrjc 


±20 


±20 


±20 


HA 


Output current 
0 (leakage) 


Vrr « 5.5 V, Vn = 0 V to Vrr. 
CAS high 


±20 


±20 


±20 


HA 


. Read or write cycle 
•CC1 curr ent (see Note 3) 


Vqc 85 5.5 V, Minimum cycle 


963 


828 


738 


mA 


ICC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


36 


36 


36 


mA 


After 1 memory cycle, 

RAS and CAS high, 

V|H = V C C- 0.2 V (CMOS) 


18 


18 


18 


mA 


Average refresh current 
ICC3 (RAS ° n, y or CBR) 
(see Note 3) 


V CC ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


1890 


1620 


1440 


mA 


. Average page current 
'CC4 ( S ee Note 4) 


Vcc = 5.5V, tpc -minimum, 
RAl5 low, CAS cycling 


823 


738 


648 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = Vil 
4. Measured with a maximum of one address change while CAS = V||-| 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


'124MBK36B 


'248NBK36B 


UNIT 


MIN MAX 


MIN MAX 


Cj(A) Input capacitance, A0-A9 


45 


90 


PF 


Cj(R) Input capacitance, RAS 


35 


35 


PF 


C|(C) Input capacitance, CAS 


21 


42 


PF 


Cj(w) Input capacitance, W 


63 


126 


PF 


C 0 (dq) Output capacitance on DQ pins 


7 


14 


PF 



NOTE 5: V*cc = 5 V ± 0.5 V and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'124MBK36B-60 
•248NBK36B-60 


'124MBK36B-70 
•248NBK36B-70 


'124MBK36B-80 
'248NBK36B-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tCAC Access time from CAS low 


15 


18 


20 


ns 


tAA Access time from column address 


30 


35 


40 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tQPA Access time from column precharge 


35 


40 


45 


ns 


tQLZ CAS to output in low impedance 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'124MBK36B-60 
'248NBK36B-60 


'124MBK36B-70 
'248NBK36B-70 


'124MBK36B-80 
'248NBK36B-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tRWC Cycle time, read write 


130 


153 


175 


ns 


tpc Cycle time, page-mode read or write (see Note 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low 


60 10 000 


70 10 000 


80 10 000 


ns 


tQAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


top Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, write 


15 


15 


15 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tQS Setup time, data 


0 


0 


0 


ns 


tRCS Setup time, read before CAS low 


0 


0 


0 


ns 


tcwL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low 


0 


0 


0 


ns 


tyvSR Setup time, W high (see Note 9) 


10 


10 


10 


ns 



NOTES: 7. All cycles assume tj = 5 ns. 

8. To assure tpc min, t^sc should be 2 5 ns. 

9. CBR refresh only 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







•124MBK36B-60 
'248NBK36B-60 


'124MBK36B-70 
'248NBK36B-70 


'124MBK36B-80 
'248NBK36B-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




tCAH 


Hold time, column address after CAS low 


10 


15 


15 


ns 


tDHR 


Hold time, data after RAS low (see Note 1 0) 


50 


55 


60 


ns 


tDH 


Hold time, data 


10 


15 


15 


ns 


tAR 


Hold time, column address after RAS low (see Note 1 0) 


50 


55 


60 


ns 


tCLCH 


Hold time, CAS low to CAS high 


5 


5 


5 


ns 


tRAH 


Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH 


Hold time, read after CAS high (see Note 11) 


0 


0 


0 


ns 


tRRH 


Hold time, read after RAS high (see Note 11) 


0 


0 


0 


ns 


*WCH 


Hold time, write after CAS low 


15 


15 


15 


ns 


*WCR 


Hold time, write after RAS low (see Note 10) 


50 


55 


60 


ns 


^WHR 


Hold time, W high (see Note 9) 


10 


10 


10 


ns 


1CHR 


Delay time, RAS low to CAS high (see Note 9) 


15 


15 


20 


ns 


tCRP 


Delay time, CAS high to RAS low 


0 


0 


0 


ns 


tCSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (see Note 9) 


10 


10 


10 


ns 


tRAD 


Delay time, RAS iow to column address (see Note 1 2) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 12) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (see Note 9) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


*T 


Transition time 


2 


50 


2 


50 


2 


50 


ns 



NOTES: 9. CBR refresh only 

10. The minimum value is measured when tRCD is set to tpcD min as a reference. 

11. Either tRRH or tpQH must be satisfied for a read cycle. 

12. The maximum value is specified only to assure access time. 



device symbolization (TM1 24MBK36B illustrated) 



O 



o 



TM124MBK36B 



-SS 



YYMMT 



lllillllllllllllllllllllllllllllllliPSIlllllllllllllllllllllllllllllllllIll 



YY = Year Code 

MM = Month Code 

T ■ Assembly Site Code 

-SS = Speed Code 



NOTE: Location of symbolization may vary. 
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TM124MBK36F, TM124MBK36U 1 048576 BY 36-BIT DRAM MODULE 
TM248NBK36F, TM248NBK36U 2097152 BY 36-BIT DRAM MODULE 



SMMS650A- APRIL 1995 - REVISED JUNE 1995 



Organization 

TM124MBK36F ... 1 048 576 x 36 
TM248NBK36F ... 2 097 152 x 36 

Single 5-V Power Supply (±10% Tolerance) 
72-Pln Single-ln-Line Memory Module 
(SIMM) for Use With Socket 
TM124MBK36F - Utilizes Two 16-Megablt 
and One 4-Megablt DRAMs In Plastic 
Small-Outline J-Lead (SOJ) Packages 

TM248NBK36F- Utilizes Four 16-Megablt 
and TWo 4-Megabit DRAMs in Plastic 
Small-Outline J-Lead (SOJ) Packages 
Long Refresh Period . . . 16 ms 
(1024 Cycles) 

All Inputs, Outputs, Clocks Fully TTL 

Compatible 

3-State Output 

Common CAS Control for Nine Common 
Data-in and Data-Out Lines in Four Blocks 
Enha nced P age-M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 



• Presence Detect 

• Performance Ranges: 



ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


*AA 


*CAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'124MBK36F-60 


60 ns 


30 ns 


15 ns 


110 ns 


•124MBK36F-70 


70 ns 


35 ns 


18 ns 


130 ns 


'124MBK36F-80 


80 ns 


40 ns 


20 ns 


150 ns 


'248NBK36F-60 


60 ns 


30 ns 


15 ns 


110 ns 


•248NBK36F-70 


70 ns 


35 ns 


18 ns 


130 ns 


'248NBK36F-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air Temperature Range: 

0°Cto70°C 

• Gold-Tabbed Versions Available:* 

- TM124MBK36F 

- TM248NBK36F 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

- TM124MBK36U 

- TM248NBK36U 



description 



TM124MBK36F 

The TM124MBK36F is a 4-MByte dynamic random-access memory (DRAM) organized as four times 
1 048576 x 9 in a 72-pin single-in-line memory module (SIMM). The SIMM is composed of two TMS41 81 60DZ, 
1 048 576 x 16-bit dynamic RAMs, each in a 42-lead plastic small-outline J-lead (SOJ) package and one 
TMS44460DJ, 1 048576 x 4-bit DRAM in a 24/26-lead plastic small-outline J-lead (SOJ) package mounted on 
a substrate with decoupling capacitors. The TMS418160DZ and TMS44460DJ are described in the 
TMS418160 and TMS44460 data sheets, respectively. The TM124MBK36F SIMM is available in the 
single-sided BK leadless module for use with sockets. 



TM248NBK36F 

The TM248NBK36F is an 8-MByte DRAM organized as four times 2097152 x 9 in a 72-pin single-in-line 
memory module (SIMM). The SIMM is composed of four TMS41 81 60DZ, 1 048 576 x 1 6-bit dynamic RAMs, 
each in a 42-lead plastic small-outline J-lead (SOJ) package and two TMS44460DJ, 1 048576 x 4-bit DRAMs, 
each in a 24/26-lead plastic small-outline (SOJ) package mounted on a substrate with decoupling capacitors. 
The TMS418160DZ and TMS44460DJ are described in the TMS418160 and TMS44460 data sheets, 
respectively. The TM248NBK36F SIMM is available in the double-sided BK leadless module for use with 
sockets. 

operation 

The TM124MBK36F operates as two TMS418160DZs and one TMS44460DJ connected as shown in the 
functional block diagram and Table 1. The TM248NBK36F operates as four TMS418160DZs and two 
TMS44460DJs connected as shown in the functional block diagram and Table 1. The common I/O feature 
dictates the use of early write cycles to prevent contention on D and Q. 

PRODUCTION DATA Information it currant at of publication data. — Copyright © 1995, Texas Instruments Incorporated 
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BK SINGLE-IN-LINE MEMORY MODULE 
(TOP VIEW) 



TM124MBK36F 
(SIDE VIEW) 



TM248NBK36F 
(SIDE VIEW) 



v ss 

DQO 
DQ18 

DQ1 
OQ19 

DQ2 
DQ20 

DQ3 
DQ21 

V C C 
NC 
AO 
A1 
A2 
A3 
A4 
AS 
A6 
NC 
DQ4 
DQ22 
DQS 
0023 
DQ6 
DQ24 
DQ7 
DQ25 
A7 
NC 

V C C 
A8 
A9 
RAS3 
RAS2 
DQ26 
DQS 



DQ17 
DQ35 

VSS 
CASO 
CAS2 
CAS3 
CAS1 
RASP 
RAS1 
NC 
W 
NC 

DQ9 
DQ27 
DQ10 
DQ28 
DQ11 
DQ29 
DQ12 
DQ30 
DQ13 
DQ31 

VCC 
DQ32 
0Q14 
DQ33 
DQ15 
DQ34 
DQ16 
NC 
PD1 
P02 
PD3 
PD4 
NC 

vss 



CD 2 
CD 3 

CD 
CD 
CD 
CD 



4 

5 
6 
7 
8 
9 
10 
11 

12 

I ) 13 



CD 

CD 
CD 
CD 



CD 
CD 
CD 
CD 



14 

15 
16 
17 
18 

I > 19 
I > 20 
CD 21 
I ) 22 
CD 23 
I > 24 
CD 25 
26 
CD 27 
28 
29 
30 
31 

32 

I > 33 

— — . 34 
I > 35 

CD 36 

37 
CD W 
CD 39 

40 

CD 41 
CD 42 
43 

CD 44 
CD 45 
46 
47 

I ) 48 

CD 49 
50 
51 



D 54 

D 55 

I ) 56 

I > 57 

CD 58 

D 59 

__D 60 

r~^ 61 

CD 62 

I > 63 

CD 64 

D 65 

D 66 

r > 67 

CD 68 
~D 69 

CD 70 
CD 71 

CD 72 



© 




f> (TM248NBK36 "| 

t £2jy) J 




© 



a 



PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ35 


Data In/Data Out 


NC 


No Connection 


PD1- PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


Vss 


Ground 


w 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


VSS 


vss 


NC 


v ss 


TM124MBK36F 


70 ns 


vss 


vss 


vss 


NC 




60 ns 


vss 


vss 


NC 


NC 




80 ns 


NC 


NC 


NC 


v ss 


TM248NBK36F 


70 ns 


NC 


NC 


vss 


NC 




60 ns 


NC 


NC 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 




SIDE 1 


SIDE 2t 


CASx 


DQ0-DQ7 
DQ8 


RASO 
RAS2 


RAST 
RAS3 


CASO 
CASO 


DQ9-DQ16 
DQ17 


RASO 
RAS2 


RAST 
RAS3 


CAS1 
CAS1 


DQ18-DQ25 
DQ26 


RAS2 
RAS2 


RAS3 
RAS3 


CAS2 
CAS2 


DQ27-DQ34 
DQ35 


RAS2 
RAS2 


RAS3 
RAS3 


£AS3 
CAS3 



t Side 2 applies to the TM248NBK36F only. 



single in-line memory module and components 

PC substrate: 1,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM124MBK36F and TM248NBK36F: Nickel plate and gold plate over copper 
Contact area for TM124MBK36U and TM248NBK36U: Nickel plate and tin/lead over copper 
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functional block diagram [TM124MBK36F and TM248NBK36F, side 1] 



A0-A9 « 
RASO - 
W 



CASO - 
CAS1 • 



10 



1Mx16 
A0-A9 DQO- 
RAS DQ7 

W 

LCAS DQ8- 
UCAS DQ15 



DO- 
D7 



D9- 
D16 




1Mx16 
A0-A9 DQO- 
RAS DQ7 
W 

LCAS DQ8- 
UCAS DQ15 



D18- 
D25 



D27- 
D34 



1Mx4 




A0-A9 


DQ1 


RAS 


DQ2 


W 


DQ3 


CAS1 


DQ4 


CAS2 




CAS3 




CAS4 





DQ8 
-DQ17 
-DQ26 
-DQ35 



functional block diagram [TM248NBK36F, side 2] 



A0-A9 « 



RAS1 — , 
W 



CAS1 • 
CASO 



1M 


x16 


A0-A9 


DQO- 


RAS 


DQ7 


W 




LCAS 


DQ8- 


UCAS 


DQ15 



D9- 
D16 



D0- 
D7 




DQ8- 
DQ15 



D27- 
D35 



D18- 
D25 



CAS1- 



CAS3- 



1Mx4 




A0-A9 


DQ1 


RAS 


DQ2 


W 


DQ3 


CAS1 


DQ4 


CAS2 




CAS3 




CAS4 





-DQ8 
-DQ17 
DQ26 
DQ35 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) - 1 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation TM124MBK36F, TM124MBK36U 3W 

TM248NBK36F, TM248NBK36U 6W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T s t g - 55°C to 1 25°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage , 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'124MBK36F-60 


'124MBK36F-70 


'124MBK36F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


lOH = - 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


•OL * 4 - 2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc^.SV, V| = 0Vto6.5V, 
All other pins - 0 V to Vcc 


±10 


±10 


±10 


jiA 


lO Output current (leakage) 


Vcc = 5.5V, 

Vg=0VtoV C c. 
CAS high 


±10 


±10 


± 10 


V* 


. Read- or write-cycle 
CC1 current 


Vcc ~ 5 ' 5 V, Minimum cycle 


285 


250 


220 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


6 


6 


6 


mA 


V|H = Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


3 


3 


3 


mA 


. Average refresh current 
,CC3 (RAS only or CBR) 


Vqq = 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


285 


250 


220 


mA 


ICC4 Average page current 


Vcc B 5.5V, tpc = MIN, 
RAS low, CAS cycling 


250 


220 


190 


mA 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) t 



PARAMETER 


TEST CONDITIONS 


'248NBK36F-60 


'248NBK36F-70 


•248NBK36F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level output 

Wmj 

UM voltage 


Iqh =-5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


lOL " 42 mA 


0.4 


0.4 


0.4 


V 


. Input current 
1 (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All other pins ■ 0 V to Vcc 


±10 


±10 


±10 


V* 


. Output current 
0 (leakage) 


Vcc s 5.5 V, 

Vo = 0V toVcc. CAS high 


±20 


±20 


±20 


HA 


. Read- or write-cycle 
'CC1 curre nt (see Note 3) 


Vcc ■ 5.5 V, Minimum cycle 


391 


256 


226 


mA 


'CC2 Standby current 


V|H = 2.4VCTTL), 
After 1 memory cycle, 
RAS and CAS high 


12 


12 


12 


mA 


V|H= Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


6 


6 


6 


mA 


Average refresh 
'CC3 current (RAS only or 
CBR) (see Note 3) 


Vcc -5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


570 


500 


440 


mA 


. Average page current 
'CC4 ( S e@ Note 4) 


Vcc * 5.5 V, tpc = MIN, 
RAS low, CAS cycling 


256 


226 


196 


mA 



t For test conditions shown as MIN /MAX, use the appropriate value sp ecifie d under recommended operating conditions. 
NOTES: 3. Measured with a maximum of one address change while RAS = V|[_ 
4. Measured with a maximum of one address change while CAS = Vm 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


'124MBK36F 


'248NBK36F 


UNIT 


MIN MAX 


MIN MAX 


Cj(A) Input capacitance, address inputs 


15 


30 


pF 


Cj(R) Input capacitance, RAS inputs 


RAS2, RAS3 


14 


14 


PF 


RAS0, RAST 


7 


7 


Cj(C) Input capacitance, CAS inputs 


14 


28 


PF 


Cj(W) Input capacitance, write-enable input 


21 


42 


PF 


Cq(DQ) Output capacitance on DQ pins 


7 


14 


PF 



NOTE 5: Bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


lC'iMDIVoOr'QU 

'248NBK36F-60 


1 44MDIV}Or "fU 

'248NBK36F-70 


•i 9AM Rlf . OA 

'248NBK36F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


*CAC Access time from CAS low 


15 


18 


20 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tQPA Access time from column precharge 


35 


40 


45 


ns 


tQLZ CAS to output in low-impedance state 


0 


0 


0 


ns 


toH Output disable time from start of CAS high 


3 


3 


3 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 


NOTE 6: toFF fe specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 




'124MBK36F-60 
'248NBK36F-60 


'124MBK36F-70 
'248NBK36F-70 


'124MBK36F-80 
'248NBK36F-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pu,se duration, nonpage mode, RAS low 


60 10 000 


70 10 000 


80 10000 


ns 


tQAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


top Pulse duration, CAS high (precharge) 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, W low 


10 


10 


10 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tDS Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tQWL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS taw 


0 


0 


0 


ns 


tyVRP Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


tQAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tRHCP Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


tQH Hold time, data after CAS low 


10 


15 


15 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 9) 


0 


0 


0 


ns 


twCH Hold time, W low after CAS low 


10 


15 


15 


ns 


t\/\/RH Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7. All cycles assume ty * 5 ns. 

8. To assure tpc min, tASC should be as tQp 

9. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply 
temperature (continued) 



voltage and operating free-air 







'124MBK36F-60 
'248NBK36F-60 


•124MBK36F-70 
'248NBK36F-70 


'124MBK36F-80 
'248NBK36F-80 


UNIT 






MiN 


MAX 


MIN 


MAX 


MIN 


MAX 




tCHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


*CRP 


Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tCSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tRAD 


Delay time, RAS low to column address (see Note 1 0) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (CBR only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


*T 


Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTE 10: The maximum value is specified only to assure access time. 

device symbollzation (TM124MBK36F illustrated) 



© 



© 



1TM124MBK36F -SS YYMMT 

nmmnnnf^^ 



YY 
MM 
T 
-SS 



Year Code 
Month Code 
Assembly Site Code 
Speed Code 



NOTE: Location of symbolization may vary. 
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Organization 
TM124MBK36C 
TM248NBK36C 



1048576x36 
2097152 x 36 
Single 5-V Power Supply (±10% Tolerance) 
72-pin Leadless Single In-Llne Memory 
Module (SIMM) 

TM124MBK36C - Utilizes Eight 4-Megabit 
DRAMs in Plastic Small-Outline J-Lead 
(SO J) Pack ages and Two 4-Megabit 
Quad-CAS DRAMs in Plastic SOJ Packages 
TM248NBK36C - Utilizes Sixteen 4-Megabit 
DRAMs in Plasti c SOJ Packages and Four 
4-Megabit Quad-CAS DRAMs in Plastic SOJ 
Packages 

Long Refresh Period 
16 ms (1024 Cycles) 

All Inputs, Outputs, Clocks Fully TTL 
Compatible 

3-State Output 

Common CAS Control for Nine Common 
Data-in and Data-Out Lines, in Four Blocks 



• Enha nced P age M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 

• Presence Detect 

• Performance Ranges: 



ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


*AA 


tCAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'124MBK36C-60 


60 ns 


30 ns 


15 ns 


110 ns 


'124MBK36C-70 


70 ns 


35 ns 


18 ns 


130 ns 


'124MBK36C-80 


80 ns 


40 ns 


20 ns 


150 ns 


'248NBK36C-60 


60 ns 


30 ns 


15 ns 


110 ns 


'248NBK36C-70 


70 ns 


35 ns 


18 ns 


130 ns 


'248NBK36C-80 


80 ns 


40 ns 


20 ns 


150 ns 



Low Power Dissipation 

Operating Free-Air-Temperature Range 

0°Cto70°C 
Gold-Tabbed Versions Avallable:t 

- TM124MBK36C 

- TM248NBK36C 

Tin-Lead (Solder) Tabbed Versions 

- TM124MBK36S 

- TM248NBK36S 



description 
TM124MBK36C 

The TM1 24MBK36C is a dynamic random-access memory (DRAM) organized as four times 1 048576 x 9 (bit 
9 is generally used for parity) in a 72-pin leadless single in-line memory module (SIMM). The SIMM is composed 
of eight TMS44400DJ, 1 048 576 x 4-bit DRAMs, eac h in 2 0/26-lead plastic small-outline J-lead packages 
(SOJs), and two TMS44460DJ, 1 048576 x 4-bit Quad-CAS DRAMs, in 24/26-lead plastic SOJs mounted on 
a substrate with decoupling capacitors. Each TMS44400DJ and TMS44460DJ is described in the TMS44400 
and TMS44460 data sheets, respectively. 

The TM1 24MBK36C is available in the single-sided BK leadless module for use with sockets. 

The TM124MBK36C features RAS access times of 60 ns, 70 ns, and 80 ns. This device is characterized for 
operation from 0°C to 70°C. 
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TM248NBK36C 

The TM248NBK36C is a DRAM organized as four times 2 097 1 52 x 9 (bit 9 is generally used for parity) in a 
72-pin leadless SIMM) The SIMM is composed of sixteen TMS44400DJ, 104 8576 x 4-bit DRAMs, each in 
20/26-lead plastic SOJs, and four TMS44460DJ, 1 048 576 x 4-bit Quad-CAS DRAMs, in 24/26-lead plastic 
SOJs mounted on a substrate with decoupling capacitors. Each TMS44400DJ and TMS44460DJ is described 
in the TMS44400 or TMS44460 data sheet, respectively. 

The TM248NBK36C is available in the double-sided BK leadless module for use with sockets. 

The TM248NBK36C features RAS access times of 60 ns, 70 ns, and 80 ns. This device is rated for operation 
from 0°C to 70°C. 

operation 
TM124MBK36C 

The TM124MBK36C operates as eight TMS44400DJs and two TMS44460DJs connected as shown in the 
functional block diagram and Table 1 . The common I/O feature dictates the use of early write cycles to prevent 
contention on D and Q. 

TM248NBK36C 

The TM248NBK36C operates as sixteen TMS44400DJs and four TMS44460DJS connected as shown in the 
functional block diagram and Table 1 . The common I/O feature dictates the use of early write cycles to prevent 
contention on D and Q. 
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BK SINGLE IN-LINE MODULE 
fTOP VIEW) 



TM124MBK36C 
(SIDE VIEW) 



TM248NBK36C 
(SIDE VIEW) 
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17 
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18 
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CZD 


19 
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20 
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37 
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40 
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41 
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42 
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43 
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44 
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46 
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47 
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48 
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49 
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51 
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52 


DQ11 


CZD 


53 


DQ29 


CZD 


54 


DQ12 


CZD 


55 


DQ30 


CZD 


56 


DQ13 


CZD 


57 


DQ31 


[ZD 


58 


Vcc 


I=D 


59 


DQ32 


CD 


60 


DQ14 


(ZD 


61 


DQ33 


CZD 


62 


DQ15 


CZD 


63 


DQ34 


CZD 


64 


DQ16 


CZD 


65 


NC 


CZD 


66 


PD1 


CZD 


67 


PD2 


CZD 


68 


PD3 


CZD 


69 


PD4 


(ZD 


70 


NC 


CZD 


71 


vss 


IZD 


72 



© 



© 



PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ35 


Data In /Data Out 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


vss 


NC 


vss 


TM124MBK36C 


70 ns 


vss 


vss 


vss 


NC 




60 ns 


vss 


vss 


NC 


NC 




80 ns 


NC 


NC 


NC 


vss 


TM248NBK36C 


70 ns 


NC 


NC 


vss 


NC 




60 ns 


NC 


NC 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 


vMOA 


SIDE 1 


SIDE2T 


DQ0-DQ7 
DQ8 


RASO 
RASO 


RAST 
RAS1 


CASO 
CASO 


DQ9-DQ16 
DQ17 


RASO 
RASO 


III 


CAST 
CAS1 


DQ18-DQ25 
DQ26 


|§> |8> 


RAS3 
RAS3 


CAS2 
CAS2 


DQ27-DQ34 
DQ35 


RAS2 
RAS2 


RAS3 
RAS3 


CAS3 
CAS3 



Side 2 applies to the TM248NBK36C only. 



single-in-line memory module and components 

PC substrate: 1 ,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM124MBK36C and TM248NBK36C: Nickel plate and gold plate over copper 
Contact area for TM1 24MBK36S and TM248NBK36S: Nickel plate and tin-lead over copper 
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functional block diagram (for TM124MBK36C and TM248NBK36C, Side 1) 



A0-A9 

RASO 

W < 

CASO — I 



CAS1 — | 



10 



r 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



r 

DQO- - 
DQ3 



10 



r 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ4- 
DQ7 



r 



RAS2- 



CAS2 — | 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ9- 
DQ12 



JL 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



X 



DQ13- 
DQ16 



10 



r 



1Mx4 
A0-A9 
RAS 

W 

CAS2 



CAS1 
OE 

DQ1 
DQ2 



CAS3 — | 



10 



1Mx4 
A0-A9 
RAS 

W 

CAS 
OE 
DQ1- 
DQ4 



DQ18- 
DQ21 



r 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



JT 



DQ22- 
DQ25 



DC8 
DQ17 



r 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ27- 
DQ30 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



D031- 
DQ34 



10 




ii 

CD 2 

8p 



©> 
2 



IS) 
4* 



O-D026 
O-D035 



1 



3 mm 
> 5 (/></> 

o§jj»ls> 
i>oi 

§■<-< 



functional block diagram (for TM248NBK36C, Side 2) 



A0-A9 
RAS1- 
W- 



10 



CASO — | 



X 



X 



CAS1 — , 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 

DQ1- 
DQ4 



DQ0- 
DQ3 



r 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



r 

DQ4- - 
DQ7 



RAS3- 



X 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



1Mx4 
A0-A9 
RAS 
W 



CAS2 



CAS1 
OE 

DQ1 
DQ2 



CAS2- 



X 



DQ9- 
DQ12 



X 



DQ13- - 
DQ16 



DQ8 
DQ17 



CAS3- 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



O- DQ18- "f 



" DQ18- 
DQ21 



10 



1Mx4 
A0-A 9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



X 



DQ22- 
DQ25 



10 



1^ 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ27- 
DQ30 



10 



1Mx4 
A0-A9 
RAS 
W 

CAS 
OE 
DQ1- 
DQ4 



DQ31- 
DQ34 



10 



X 




DQ26 
O-D035 



mm 

22S IN* -* 

foraoai 

g <»o> 
Wat 

to _^ 
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TM124MBK36C, TM124MBK36S 1 048576 BY 36-BIT 
TM248NBK36C, TM248NBK36S 2097152 BY 36-BIT 

DYNAMIC RAM MODULE 

SMMS138B- MARCH 1992- REVISED JUNE 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)+ 



Supply voltage range on Vcc (see Note 1) - 1 V to 7 V 

Supply voltage range on any pin (see Note 1 ) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 10 W 

Operating free-air temperature range, 0°C to 70°C 

Storage temperature range, T stg -55°Cto125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$$. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


- 1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'124MBK36C-60 


'124MBK36C-70 


■124MBK36C-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


•OH ■ - 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


'OL = 4 - 2mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


Vcc » 5.5 V, V| = 0Vto6.5V, 
All other pins = 0 V to Vcc 


±10 


±10 


±10 


HA 


lO Output current (leakage) 


VcC s 5.5V, Vo = 0VtoVcc. 
CAS high 


±10 


±10 


±10 


yA 


. Read- or write-cycle 
'CC1 curr ent (see Note 3) 


Vcc = 5 - 5 V, Minimum cycle 


1050 


900 


800 


mA 


ICC2 Standby current 


V|H = 2.4V(7TL), 
after 1 memory cycle, 
RAS and CAS high 


20 


20 


20 


mA 


V|H s VCC - 0.2 V (CMOS), 
after 1 memory cycle, 
RAS and CAS high 


10 


10 


10 


mA 


Average refresh current 
'CC3 (HAS only or CBR) 
(see Note 3) 


VCC ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


1050 


900 


800 


mA 


. Average page current 
•CC4 (see Note 4) 


VCC - 5 - 5 V, tpc ■ Minimum, 
RAS low, CAS cycling 


900 


800 


700 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V|[_ 
4. Measured with a maximum of one address change while CAS = Vih 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'248NBK36C-60 


'248NBK36C-70 


'248NBK36C-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


lOH 88 - 5 m A 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


\rw s iO mA 


0.4 


0.4 


0.4 


v 


l| Input current (leakage) 


Vcc-S-SV, V| = 0Vto6.5V, 
All other pins ■ 0 V to Vcc 


±20 


±20 


±20 


ma 


10 Output current (leakage) 


Vcc = 5.5V, Vo = 0VtoVcc. 
CAS high 


±20 


±20 


±20 


uA 


. Read or write cycle 
•CC1 current (see Note 3) 


Vcc ■ 5.5 V, Minimum cycle 


1070 


920 


820 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL), 
after 1 memory cycle, 
RAS and CAS high 


40 


40 


40 


mA 


V|H* Vcc -0.2 V (CMOS), 
after 1 memory cycle, 
RAS and CAS high 


20 


20 


20 


mA 


Average refresh current 
ICC3 (RAS only or CBR) 
(see Note 3) 


Vcc ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


2100 


1800 


1600 


mA 


. Average page current 
' CC4 (see Note 4) 


Vcc - 5.5 V, tpc ■ Minimum, 
RAS low, CAS cycling 


920 


820 


720 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS ■ V||_ 
4. Measured with a maximum of one address change while CAS = V|h 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


'124MBK36C 


'248NBK36C 


UNIT 


MIN MAX 


MIN MAX 


Cj(A) Input capacitance, A0-A9 


50 


100 


PF 


Cj(R) Input capacitance, RAS inputs p 


35 


35 


PF 


Cj(C) Input capacitance, CAS inputs 


21 


42 


PF 


Cj(w) Input capacitance, W 


70 


140 


PF 


c o(DQ) Output capacitance on DQ pins 


7 


14 


PF 



NOTE 5: Vqc squal to 5 V ± 0.5 V and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'124MBK36C-60 
'248NBK36C-60 


'124MBK36C-70 
'248NBK36C-70 


'124MBK36C-80 
'248NBK36C-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tQAC Access time from CAS low 


15 


18 


20 


ns 


tAA Access time from column-address 


30 


35 


40 


ns 


*RAC Access time from RAS low 


60 


70 


80 


ns 


*CPA Access time from column precharge 


35 


40 


45 


ns 


tci_Z CAS to output in low Z 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 


NOTE 6: toFF ' s specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 




'124MBK36C-60 
'248NBK36C-60 


•124MBK36C-70 
'248NBK36C-70 


'124MBK36C-80 
'248NBK36C-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*RC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tRWC Cycle time, read-write 


130 


153 


175 


ns 


tpc Cycle time, page-mode read or write (see Note 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


*RAS Pulse duration,, nonpage mode, RAS low 


60 10 000 


70 10 000 


80 10 000 


ns 


tCAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


t\/vp Pulse duration, write 


15 


15 


15 


ns 


*ASC Setup time, column address before CAS low 


o 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tos Setup time, data 


0 


0 


0 


ns 


teCS Setup time, read before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W time before CAS high 


15 


18 


20 


ns 


*RWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twcs Setup time, W low before CAS low 


0 


0 


0 


ns 


twSR Setup time, W high (CBR refresh only) 


10 


10 


10 


ns 


*CAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tDHR Hold time, data after RAS low (see Note 9) 


50 


55 


60 


ns 


*DH Hold time, data 


10 


15 


15 


ns 


*AR Hold time, column address after RAS low (see Note 99) 


50 


55 


60 


ns 


tCLCH Ho,cl time, CAS low to CAS high 


5 


5 


5 


ns 


tRAH Ho,d ti me « row address after RAS low 


10 


10 


10 


ns 


*RCH Hold time, read after CAS high (see Note 10) 


0 


0 


0 


ns 


tRRH Hold time, read after RAS high (see Note 10) 


0 


0 


0 


ns 



NOTES: 7. All cycles assume tj = 5 ns. 

8. To assure tpc min, tAsc should be * 5 ns. 

9. The minimum value is measured when tRCD ,s set to *RCD min as a reference. 
1 0. Either tppn or tpcH must De satisfied for a read cycle. 
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timing requirements over recommended ranges of supply 
temperature (continued) 



voltage and operating free-air 







'124MBK36C-60 
'248NBK36C-60 


'124MBK36C-70 
•248NBK36C-70 


'124MBK36C-80 
'248NBK36C-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




*WCH 


Hold time, write after CAS low 


15 


15 


15 


ns 


tWCR 


Hold time, write after RAS low (see Note 9) 


50 


55 


60 


ns 


tWHR 


Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


tCHR 


Delay time, RAS low to CAS high (CBR refresh only) 


15 


15 


20 


ns 


tCRP 


Delay time, CAS high to RAS low 


0 


0 


0 


ns 


*CSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 


tRAD 


Delay time, RAS low to column address (see Note 11) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 11) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (CBR refresh only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


tT 


Transition time 


2 


50 


2 


50 


2 


50 


ns 



NOTES: 9. The minimum value is measured when tRCD is set t0 *RCD min as a reference. 

1 0. Either tRRH or tRCH m ust be satisfied for a read cycle. 

1 1 . The maximum value Is specified only to assure access time. 

device symbolization (TM124MBK36C illustrated) 



O 



DDDDDDDDDD 



TM124MBK36C 



O 

-SS YYMMT 



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIP5IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 



YY » Year Code 

MM = Month Code 

T ■ Assembly Site Code 

-SS ■ Speed Code 



NOTE: Location of symbolization may vary. 
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TM124MBK36G, TM124MBK36V 1 048576 BY 36-BIT DYNAMIC RAM MODULE 
TM248NBK36G, TM248NBK36V 2097152 BY 36-BIT DYNAMIC RAM MODULE 



SMMS651 A- MAY 1995 - REVISED JUNE 1995 



Organization 

TM124MBK36G ... 1 048 576 x 36 
TM248NBK36G ... 2 097 152 x 36 
Single 5-V Power Supply (±10% Tolerance) 
72-Pin Single-ln-Line Memory Module 
(SIMM) for Use With Socket 
TM124MBK36G - Utilizes Two 16-Megabit 
and Two 4-Megabit DRAMs in Plastic 
Small-Outline J-Lead (SOJ) Packages 

TM248NBK36G - Utilizes Four 16-Megabit 
and Four 4-Megabit Dynamic RAMs in 
Plastic Small-Outline J-Lead (SOJ) 
Packages 

Long Refresh Period 
16 ms (1024 Cycles) 

All Inputs, Outputs, Clocks Fully TTL 

Compatible 

3-State Output 

Common CAS Control for Nine Common 
Data-in and Data-Out Lines in Four Blocks 
Enhan ced Pa ge-Mo de Ope ration With 
CASx-Before-RAS (CBR), RASx-Only, and 
Hidden Refresh 



• Presence Detect 



Performance 


Ranges: 








ACCESS ACCESS 


AUCcSS 


DC An 




TIME 


TIME 


TIME 


OR 




tRAC 


tAA 


*CAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


'124MBK36G-60 


60 ns 


30 ns 


15 ns 


110 ns 


•124MBK36G-70 


70 ns 


35 ns 


18 ns 


130 ns 


'124MBK36G-80 


80 ns 


40 ns 


20 ns 


150 ns 


'248NBK36G-60 


60 ns 


30 ns 


15 ns 


110 ns 


'248NBK36G-70 


70 ns 


35 ns 


18 ns 


130 ns 


'248NBK36G-80 


80 ns 


40 ns 


20 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°C to 70°C 

• Gold-Tabbed Versions Available:* 

TM124MBK36G 
TM248NBK36G 

• Tin-Lead (Solder) Tabbed Versions 
Available: 

TM124MBK36V 
TM248NBK36V 



description 
TM124MBK36G 

The TM124MBK36G is a 4M-byte dynamic random-access memory (DRAM) organized as four times 
1 048576 x 9 in a 72-pin SIMM. The SIMM is composed of two TMS41 81 60DZ, 1 048 576 x 1 6-bit DRAMs, each 
in a 42-lead plastic SOJ package and two TMS44460DJ, 1 048576 x 4-bit DRAMs, in a 24/26-lead plastic SOJ 
package mounted on a substrate with decoupling capacitors. The TMS418160DZ and TMS44460DJ are 
described in the TMS41 81 60 and TMS44460 data sheets respectively. The TM1 24MBK36G SIMM is available 
in the single-sided BK leadless module for use with sockets. 

TM248NBK36G 

The TM248NBK36G is an 8M-byte DRAM organized as four times 2097 1 52 x 9 in a 72-pin SIMM. The SIMM 
is composed of four TMS41 81 60DZ, 1 048 576 x 1 6-bit DRAMs, each in a 42-lead plastic SOJ package and 
four TMS44460DJ, 1 048576 x 4-bit DRAMs, each in a 24/26-lead plastic SOJ package mounted on a substrate 
with decoupling capacitors. The TMS418160DZ and TMS44460DJ are described in the TMS418160 and 
TMS44460 data sheets, respectively. The TM248NBK36G SIMM is available in the double-sided BK leadless 
module for use with sockets. 

operation 

The TM124MBK36G operates as two TMS418160DZs and two TMS44460DJs connected as shown in the 
functional block diagram and Table 1. The TM248NBK36G operates as four TMS418160DZs and four 
TMS44460DJs connected as shown in the functional block diagram and Table 1. The common I/O feature 
dictates the use of early-write cycles to prevent contention on D and Q. 
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BK SINGLE-IN-LINE MEMORY MODULET 
(TOP VIEW) 



TM124MBK36G 
(SIDE VIEW) 



TM248NBK36G 
(SIDE VIEW) 



v ss 

OQO 
DQ18 
DQ1 
DQ19 
DQ2 
DQ20 
DQ3 
DQ21 
V C C 
NC 
AO 
A1 
A2 
A3 
A4 
A5 
A6 
NC 
DQ4 
DQ22 
DOS 
DQ23 
DQ6 
DQ24 
DQ7 
DQ25 
A7 
NC 

VCC 
AS 
A9 
RAS3 
RA82 
DQ26 
DQ8 



DQ17 
DQ35 

VS3 
CASO 
CAS2 
CAS3 
CAS1 
RASP 
RAS1 
NC 
W 
NC 

008 
DQ27 
0010 
DQ28 
DQ11 
DQ29 
DQ12 
DQ30 
DQ13 
DQ31 

VCC 
0032 
DQ14 
DQ33 
DQ15 
DQ34 
DQ16 
NC 
PD1 
PD2 
PD3 
PD4 
NC 
V3S 



LZD 1 
LZD 2 
(ZD 3 
LZD 4 
LZD 8 
ZD e 
LZD 7 
LZD 8 
ZD 8 
I — > 10 
ZD 11 

I ) 12 

LZD 13 
LZD 14 

"ZD 16 

I ) 18 

LZD 17 

I > 18 

LZD 18 

ZD 20 
LZD 21 

D 22 

D 23 

D 24 

ZD 25 

LZD 28 

~D 27 

D 28 

D 28 

D 30 

D 31 

LZD 32 

fT3 33 

LZD 34 
LZD 35 

D 36 

LZD 37 
LZD 38 

I > 38 

LZD 40 
LZD 41 
LZD 42 

"ZD 43 

LZD 44 
LZD 46 
LZD 48 
LZD 47 

CZD 48 

"ZD 48 

_D 50 

I > 51 



D 54 

D 56 

D 58 

LZD 57 

D 58 

D 58 

LZD 60 

"ZD 61 

D 62 

D 63 

LZD 64 

LZD 65 

~D 66 

LZD 67 

"ZD 68 

D 68 

D 70 

LZD 71 

LZD 72 
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c 






c 






c 






c 


n ° 





© 



a 



PIN NOMENCLATURE 


A0-A9 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ35 


Data In/Data Out 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


v C c 


5-V Supply 


v ss 


Ground 


w 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


vss 


NC 


vss 


TM124MBK36G 


70 ns 


vss 


vss 


Vss 


NC 




60 ns 


vss 


vss 


NC 


NC 




80 ns 


NC 


NC 


NC 


vss 


TM248NBK36G 


70 ns 


NC 


NC 


Vss 


NC 




60 ns 


NC 


NC 


NC 


NC 



t The packages shown here are not drawn to scale. 
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Table 1. Connection Table 



DATA BLOCK 


RASx 




SIDE 1 


SIDE 2t 


CASx 


DQ0-DQ7 
DQ8 


RASO 
RASO 


RAST 
RAST 


CASO 

c5aso 


DQ9-DQ16 
DQ17 


RASO 
RASO 


RAS? 

MasT 


CasT 

CAS1 


DQ18-DQ25 
DQ26 


RAS2 
RAS2 


RAS3 
RAS3 


CAS2 
CAS2 


DQ27-DQ34 
DQ35 


RAS2 
RAS2 


RAS3 
RAS3 


CAS3 
SAS3 



t Side 2 applies to the TM248NBK36G only. 



single in-line memory module and components 

PC substrate: 1 ,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM124MBK36G and TM248NBK36G: Nickel plate and gold plate over copper 
Contact area for TM124MBK36V and TM248NBK36V: Nickel plate and tin/lead over copper 
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functional block diagram [TM124MBK36G and TM248NBK36G, side 1 ] 



A0-A9 « 
RASO — , 
W 



10 



CASO 
CAST 



CASO - 
CAS1- 
N/C- 
N/C- 



1Mx16 
A0-A9 DQO- 
RAS DQ7 

W 

LCAS DQ8- 
UCAS DQ15 



10 



1Mx4 




A0-A9 


DQ1 


RAS 


DQ2 


W 


DQ3 


CAS1 


DQ4 


CAS2 




CAS3 




CAS4 





D0-D7 
D9-D16 



-DQ8 
-DQ17 




CAS3 
N/C 
N/C 



1Mx16 
A0-A9 DQO- 
RAS DQ7 
W 

DQ8- 
DQ15 



LCAS 
OCAS 



1Mx4 
A0-A9 
RA§ 
W 

CAS1 
CAS2 
CAS3 
CAS4 



DQ1 
DQ2 
DQ3 
DQ4 



. D18-D25 



D27-D34 



-DQ26 
DQ35 
N/C 

- N/C 



functional block diagram [TM248NBK36G, side 2] 



A0-A9 • 



RAS1 — | 
W 



CAS1 
CASO 



CASO - 
CAS1- 
N/C- 
N/C- 



10, 



1M 


x16 


A0-A9 


DQO- 


RAS 


DQ7 


W 




LCAS 


DQ8- 


UCAS 


DQ15 



10 



1Mx4 




A0-A9 


DQ1 


RAS 


DQ2 


W 


DQ3 


CAS1 


DQ4 


CAS2 




CAS3 




CAS4 





D9-D16 
D0-D7 



DQ8 
DQ17 




CAS1 
N/C 
N/C 



1Mx16 
A0-A9 DQO- 
RAS DQ7 

W 

LCAS DQ8- 
UCAS DQ15 



1Mx4 




A0-A9 


DQ1 


RAS 


DQ2 


W 


DQ3 


CAS1 


DQ4 


CAS2 




CAS3 




CAS4 





D27-D35 



■D18-D25 



DQ26 
DQ35 
N/C 
N/C 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1 ) - 1 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation TM124MBK36G, TM124MBK36V 4W 

TM248NBK36G, TM248NBK36V 8W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -55°Cto125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Ail voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'124MBK36G-60 


'124MBK36G-70 


'124MBK36G-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


'OH ■ - 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


lOL - 4-2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All other pins = 0 V to Vcc 


±10 


±10 


±10 


HA 


. Output current 
10 (leakage) 


Vcc = 5.5 V, 

V O = 0VtoV C C. 
CASxhigh 


±10 


±10 


±10 


HA 


. Read- or write-cycle 
CC1 current 


Vcc = 5.5 V, Minimum cycle 


390 


340 


300 


mA 


ICC2 Standby current 


V|H = 2.4VfTTL), 
After 1 memory cycle, 
RASx and CASx high 


8 


8 


8 


mA 


V|H = Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RASx and CASx high 


4 


4 


4 


mA 


. Average refresh current 
1003 (RASx only or CBR) 


VCC = 5.5 V, Minimum cycle, 
RASx cycling, 
CASx high (RASx only), 
RASx low after CASx low (CBR) 


390 


340 


300 


mA 


'CC4 Average page current 


Vcc = 5.5 V, tpc = MIN, 
RASx low, CASx cycling 


320 


280 


240 


mA 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) t 



PARAMETER 


TEST CONDITIONS 


'248NBK36G-60 


'248NBK36G-70 


'248NBK36G-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


High-level output 
OM voltage 


lOH ■ - 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


lOL 88 4 - 2 mA 


0.4 


0.4 


0.4 


V 


. Input current 
1 (leakage) 


Vqc - 5.5 V, V| = 0 V to 6.5 V, 
All other pins ■ 0 V to Vcc 


±10 


±10 


±10 


HA 


. Output current 
10 (leakage) 


Vcc*5.5V, 

VQ*0VtoVcc. CAS high 


±20 


±20 


±20 


MA 


. Read- or wrlte-cycle 
CC1 current (see Note 3) 


V CC * 5.5 V, Minimum cycle 


398 


348 


308 


mA 


'CC2 Standby current 


V| H = 2.4 V (TTL), 
After 1 memory cycle, 
RAS and CAS high 


16 


16 


16 


mA 


VlH-VCC" 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


8 


8 


8 


mA 


Average refresh 
•CC3 current (RAS only or 
CBR) (see Note 3) 


V CC ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


780 


680 


600 


mA 


Average page 
IqC4 current 

(see Note 4) 


Vcc = 5.5V, tpc = MIN, 
RAS low, CAS cycling 


328 


288 


248 


mA 



t For test conditions shown as MIN /MAX, use the appropriate value sp ecifie d under recommended operating conditions. 
NOTES: 3. Measured with a maximum of one address change while RAS = V||_ 
4. Measured with a maximum of one address change while CAS = Vjh 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


'124MBK36G 


'248NBK36G 


UNIT 


MIN MAX 


MIN MAX 


Cj(A) Input capacitance, address inputs 


20 


40 


PF 


Cj(R) Input capacitance, RAS inputs 


14 


14 


PF 


Cj(c) Input capacitance, CAS inputs 


14 


28 


PF 


Cj(w) Input capacitance, W 


28 


56 


PF 


c O(DQ) Output capacitance on DQ pins 


7 


14 


PF 



NOTE 5: Vcc - 5 V ± 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


124MBK36G-60 
'248NBK36G-60 


124MBK36G-70 
'248NBK36G-70 


1 24MBK36G - 80 
'248NBK36G-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


tCAC Access time from CAS low 


15 


18 


20 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tcPA Access time from column precharge 


35 


40 


45 


ns 


tci_Z CAS to output in low-impedance state 


0 


0 


0 


ns 


toH Output disable time from start of CAS high 


3 


3 


3 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 


NOTE 6: toFF is specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 




'124MBK36G-60 
'248NBK36G-60 


•124MBK36G-70 
'248NBK36G-70 


'124MBK36G-80 
'248NBK36G-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*RC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page mode, RAS low 


60 100000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low 


60 10 000 


70 10 000 


80 10 000 


ns 


tcAS Pulse duration, CAS low 


15 10 000 


18 10000 


20 10 000 


ns 


top Pulse duration, CAS high (precharge) 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tyvP Pulse duration, W low 


10 


10 


10 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tQS Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tcwL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low 


0 


0 


0 


ns 


twRP Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


tCAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tRHCP Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


tQH Hold time, data after CAS low 


10 


15 


15 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 9) 


0 


o 


0 


ns 


twCH Hold time, W low after CAS low 


10 


15 


15 


ns 


tyvRH Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7, All cycles assume tj = 5 ns. 

8. To assure tpc min, tASC should be % tcp 

9. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 







'124MBK36G-60 
'248NBK36G-60 


'124MBK36G-70 
'248NBK36G-70 


'124MBK36G-80 
'248NBK36G-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




*CHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tQpp 


Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tQSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


*CSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tRAD 


Delay time, RAS low to column address (see Note 10) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 10) 


20 


45 


20 


52 


20 


60 


ns 


*RPC 


Delay time, RAS high to CAS low (CBR only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


tT 


Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTE 10: The maximum value is specified only to assure access time. 

device symbollzation (TM124MBK36G illustrated) 



© 



© 



\ TM124MBK36G -SS YYMMT 



YY = 

MM = 

T = 

-SS = 



Year Code 
Month Code 
Assembly Site Code 
Speed Code 



NOTE: Location of symbolization may vary. 
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■ • Organization ... 4 194 304 x 36 

I • Single 5-V Power Supply (±1 0% Tolerance) 

I • 72-Pin Single-ln-Line Memory Module 
I (SIMM) for Use With Sockets 

I • Utilizes Eight 16-Megabit DRAMs in Plastic 
Small-Outline J-Lead (SOJ) Packages and 
Four 4-Megabit DRAMs in Plastic 
Small-Outline J-Lead (SOJ) Packages 

• Long Refresh Period 

32 ms (2048 Cycles) t 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• Common CAS Control for Nine Common 
Data-in and Data-Out Lines in Four Blocks 

• Separate RAS Control for Eighteen Data-in 
and Data-Out Lines in Two Blocks 

• 3-State Output 



TM497MBK36A, TM497MBK36Q 
4194304 BY 36-BIT 
DYNAMIC RAM MODULE 

SMMS446C- DECEMBER 1992 -REVISED JUNE 1995 



• Performance Ranges: 





ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


tCAC 


tAA 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


•497MBK36A-60 


60 ns 


15 ns 


30 ns 


110 ns 


'497MBK36A-70 


70 ns 


18 ns 


35 ns 


130 ns 


•497MBK36A-80 


80 ns 


20 ns 


40 ns 


150 ns 



• Low Power Dissipation 

• Operating Free-Air Temperature Range 

0°C to 70°C 



• Presence Detect 

• Gold-Tabbed Version Available:* 
TM497MBK36A 

• Tin-Lead (Solder) Tabbed Version 
Available: TM497MBK36Q 



description 

The TM497MBK36A is a 16M-byte dynamic random-access memory (DRAM) organized as four times 
4194304 x 9 (bit 9 is generally used for parity) in a 72-pin leadless single-in-line memory module (SIMM). The 
SIMM is composed of eight TMS41 7400DJ, 4 194304 x 4-bit DRAMs, each in 24/26-lead plastic SOJ packages, 
and four TMS44100DJ, 4194304 x 1-bit DRAMs, each in 20/26-lead plastic SOJ packages mounted on a 
substrate with decoupling capacitors. Each TMS41 7400DJ and TMS441 00DJ is described in the TMS41 7400 
and TMS441 00 data sheets (respectively). 

The TM497MBK36A is ava ilable in a double-sided BK leadless module for use with sockets. The 
TM497MBK36A features RAS access times of 60 ns, 70 ns, and 80 ns. This device is characterized for operation 
from 0°C to 70°C. 

operation 

The TM497MBK36A operates as eight TMS417400DJs and four TMS44100DJs connected as shown in the 
functional block diagram and Table 1. Refer to the TMS417400 and TMS44100 data sheets for details of 
operation. The common I/O feature dictates the use of early write cycles to prevent contention on D and Q. 

refresh 

The r efresh period is extended to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. Address line A10 must be used as most significant refresh address line (lowest 
frequency) to assure correct refresh for both TMS417400 and TMS44100. A0-A9 address lines must be 
refreshed every 1 6 ms as required by the TMS441 00 DRAM. CAS can remain high during the refresh sequence 
to conserve power. 

power up 

To achieve proper operation, an initial pause of 200 jis followed by a minimum of eight initialization cycles is 
requir ed afte r full V qc lev el is a chieved. These eight initialization cycles need to include at least one refresh 
[RAS-only or CAS-before-RAS (CBR)] cycle. 



t AO- A9 address lines must be refreshed every 1 6 ms. 

♦ Part numbers in this data sheet refer only to the gold-tabbed version; the information applies to both gold-tabbed and solder-tabbed versions. 



PRODUCTION DATA Information is currant m of publication date. m m Copyright © 1995, Texas Instruments Incorporated 

Products conform to specifications par the forms of Texss Instruments 
standard warranty. Production processing doss not necessarily Include 
testing of all parameters. 
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BK SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 



Vss 


| ) 


i 


DQO 




2 


DQ18 


1 — "*> 


3 


DQ1 


| \ 


4 


DQ19 


1 \ 

I / 


5 


DQ2 


r — i 


q 


DQ20 


| \ 


7 


DQ3 


1 ^ 


9 


DQ21 


1 V 

1 / 


g 


V CC 


1 \ 


10 


NC 


1 \ 




AO 




12 


A1 


1 — } 


13 


A2 


1 / 




A3 


1 — 


15 


M 


1 i 


16 


AS 


1 \ 


■J7 


A6 


1 \ 


18 


A10 


CD 


19 


DQ4 


CZD 


20 


DQ22 


CZD 


21 


DQ5 


l ? 


22 


DQ23 


CZD 


23 


OQ6 


CZD 


24 


DQ24 


CZD 


25 


DQ7 


i \ 
1 ; 


26 


DQ2S 


1 ) 


27 




i \ 

1 ) 


28 


NC 


1 s 

L ) 


29 


vcc 


1 ; 


30 


A8 


1 ) 


31 


A9 


1 \ 


32 


NC 


i \ 

1 / 


33 


RAS2 


i \ 

1 ) 


34 


DQ26 


1 -) 


35 


DQ8 


1 J 

J 


36 


DQ17 


1 — ) 


37 


DQ35 


1 ) 


38 


vss 

CASO 
CAS2 


1 — ) 
r — ^ 
i — > 


39 
40 
41 


CAS3 


i — ) 


42 


CAS1 


r — ^ 


43 


RASO 


r — > 


44 


NC 


i — ^ 


45 


NC 


i — i 


46 


W 


i — > 


47 


NC 


i — > 


48 


DQ9 


i — i 


49 


DQ27 


i — > 


50 


DQ10 


i — ) 


51 


DQ28 


i — i 


52 


DQ11 


i — > 


53 


DQ29 


i — i 


54 


DQ12 


CZD 


55 


DQ30 


LZD 


56 


DQ13 


LZZ) 


67 


DQ31 


CZD 


58 


vcc 


LZD 


59 


DQ32 


LZD 


60 


DQ14 


LZD 


61 


DQ33 


LZD 


62 


DQ15 


LTD 


63 


DQ34 


LZD 


64 


DQ16 


LZD 


65 


NC 


LZD 


66 


PD1 


LZD 


67 


PD2 


LZD 


68 


PD3 


LZD 


69 


PD4 


CZD 


70 


NC 


LZD 


71 


vss 


LZD 


72 



© 
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(SIDE VIEW) 



a 
a 

QD 

a 

QD 
Q 



PIN NOMENCLATURE 


A0-A10 


Address inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ7, DQ9-DQ16, 


Data In/Data Out 


DQ18-DQ25, DQ27-DQ34 




DQ8, DQ17, DQ26, DQ35 


Parity 


NC 


No Connection 


PD1-PD4 


Presence Detects 


RASO, RAS2 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 



PRESENCE DETECT 


SIGNAL 




PD1 


PD2 


PD3 


PD4 


(PIN) 




(67) 


(68) 


(69) 


(70) 




80 ns 


vss 


NC 


NC 


vss 


TM497MBK36A 


70 ns 


vss 


NC 


vss 


NC 




60 ns 


vss 


NC 


NC 


NC 
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Table 1. Connection Table 



DATA BLOCK 


RASx 


CASx 


DQ0-DQ7 
DQ8 


RA§0 


CA§0 


DQ9-DQ16 
DQ17 


RASO 


CAST 


DQ18-DQ25 
DQ26 


RAS2 


CAS2 


DQ27-DQ34 
DQ35 


RAS2 


CAS3 



single-in-line memory module and components 

PC substrate: 1 ,27 ± 0,1 mm (0.05 inch) nominal thickness; 0.005 inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM497MBK36A: Nickel plate and gold plate over copper 
Contact area for TM497MBK36Q: Nickel plate and tin-lead over copper 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



6-101 



functional block diagram 
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TM497MBK36A, TM497MBK36Q 
4194304 BY 36-BIT 
DYNAMIC RAM MODULE 

SMMS446C- DECEMBER 1992 - REVISED JUNE 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc (see Note 1 ) - 1 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 12 W 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range, T stg -55°Cto125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|H High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


- 1 0.8 


V 


Ta Operating free-air temperature 


0 70 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


•497MBK36A-60 


'497MBK36A-70 


'497MBK36A-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


lOH =-5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


•OL ~ 4 - 2 mA 


0.4 


0.4 


0.4 


V 


. Input current 
1 (leakage) 


Vcc^S.SV, V| = 0Vto6.5V, 
All other pins = 0 V to Vqc 


±120 


±120 


±120 


HA 


. Output current 
10 (leakage} 


Vqc - 5.5 V, Vq = 0 V to Vqc. 
CAS high 


±10 


±10 


±10 


nA 


. Read- or wr'rte-cycle 
CC1 current (see Note 3) 


V CC = 5 - 5 v » Minimum cycle 


1300 


1160 


1040 


mA 


•CC2 Standby current 


V|H = 2.4V(rTL), 
After 1 memory cycle, 
RAS and CAS high 


24 


24 


24 


mA 


V|H=Vcc- 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


12 


12 


12 


mA 


Average refresh 
. current (RAS only 
003 or GBR) 

(see Note 3) 


V CC = 5 - 5V « Minimum cycle, 

RAS cycling, 

CAS high (RAS only); 

RAS low after CAS low (CBR) 


1300 


1160 


1040 


mA 


. Average page 
'CC4 current (see Note 4) 


Vqc s 5.5 V, tpc = MIN 
RAS low, CAS cycling 


920 


800 


680 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V|j_ 
4. Measured with a maximum of one address change while CAS = Vm 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 6-1 03 



TM497MBK36A, TM497MBK36Q 
4194304 BY 36-BIT 
DYNAMIC RAM MODULE 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


C i( A) 


Input capacitance, address inputs 




60 


PF 


c i(C) 


Input capacitance, CAS inputs 




21 


PF 


c i(R) 


Input capacitance, RAS inputs 




42 


PF 


Ci(W) 


Input capacitance, write-enable input 




84 


PF 




Output capacitance 


DQ pins 


7 


PF 


Co 


Parity pins 


12 



NOTE 5: Vqc = 5 V ± 0.5 V, and the bias on pins under test is 0 V. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


'497MBK36A-60 


•497MBK36A-70 


•497MBK36A-80 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 


t£A Access time from column address 


30 


35 


40 


ns 


tQAC Access time from CAS low 


15 


18 


20 


ns 


tQPA Access time from column precharge 


35 


40 


45 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tCLZ CAS to output in low-impedance state 


o 


0 


0 


ns 


toH Output disable time, start of CAS high 


3 


3 


3 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 


NOTE 6: tQFF is specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 




'497MBK36A-60 


'497MBK36A-70 


'497MBK36A-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 7) 


110 


130 


150 


ns 


tpc Cycle time, page-mode read or write (see Notes 7 and 8) 


40 


45 


50 


ns 


tRASP Pulse duration, page-mode, RAS low 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, nonpage-mode, RAS low 


60 10 000 


70 10000 


80 10 000 


ns 


*CAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, W low 


10 


10 


10 


ns 


USC Setup time, column address before CAS low 


0 


0 


0 


ns 


tASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tQS Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before CAS low 


0 


o 


0 


ns 


twRp Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7. All cycles assume tj ■ 5 ns. 

8. To assure tpQ min, tASC should be * top 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 





■jiQ7iiDi/oflA en 
497MDK30A-OU 


497MDl\3oA-70 


MQ7llQI^OA A OA 

497MDl\3oA-tK) 


UNIT 


11 |M UAV 
MIN MAA 


MIN MAA 


■JIM HAY 
MIN MAA 


*CAH noiu iiiTio, column auuross aner vno low 


1 R 
lO 


1R 
lO 


1R 
IO 


ns 


iRHCP noia ume, rwo nign Trom wno precnarge 


OR 




AC 
*kO 


ns 


fp^t i LJaIsI tlmfi /lata offAr PAO Iaiaj 

l DH noia ume, aaia auer omo iow 


1 R 
ID 


1 R 

ID 


1 R 
ID 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


lU 


ns 


tRCH Hold time, W high after CAS high (see Note 9) 


0 


u 


u 


ns 


+_ , UIaM lima \A/ t-uz-ih mff ar D AO kink /«aa Mi-\t/-k Q\ 

*RRH noio ume, w nign aner hao nign (see Note y; 


0 


u 


A 

u 


ns 


WVCH Hold time, w low after CAS low 


10 


15 


15 


ns 


t\A/RH Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


*CHR Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tQpp Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tcSH Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tRAD Delay time, RAS low to column address (see Note 1 0) 


15 30 


15 35 


15 40 


ns 


tRAL Delay time, column address to RAS high 


30 


35 


40 


ns 


*CAL Delay time, column address to CAS high 


^30 


35 


40 


ns 


*RCD Delay time, RAS low to CAS low (see Note 1 0) 


20 45 


20 52 


20 60 


ns 


tRpc Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tpEF Refresh time interval 


32 


32 


32 


ms 


tj Transition time 


3 30 


3 30 


3 30 


ns 



NOTES: 9. Either tRRH or *RCH must De satisfied for a read cycle. 

1 0. The maximum value is specified only to assure access time. 



device symbolization 



O 



TM497MBK36A 



o 



-SS YYMMT 



YY = Year Code 

MM = Month Code 

T = Assembly Site Code 

-SS s Speed Code 

NOTE: Location of symbolization may vary. 
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• Organization 

TM497MBM36A . . . 4194304 x 36 
TM893NBM36A . . . 8388608 x 36 

• Single 5-V Power Supply (±10% Tolerance) 

• 72-Pin Leadless Single-ln-Line Memory 
Module (SIMM) for Use With Sockets 

• TM497MBM36A- Utilizes Eight 16-Megabit 
and Four 4-Megabit DRAMs in Plastic 
Small-Outline J-Lead (SOJ) Packages 

• TM893NBM36A- Utilizes Sixteen 

1 6-Megabit and Eight 4-Megabit DRAMs in 
Plastic Small-Outline J-Lead (SOJ) 
Packages 

• Long Refresh Period 

32 ms (2048 Cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Output 

• Common CAS Control for Nine Common 
Data-in and Data-Out Lines in Four Blocks 

• Enha nced P age-M ode O perati on With 
CAS-Before-RAS (CBR), RAS-Only, and 
Hidden Refresh 



• Present Detect 

• Operating Free-Air-Temperature Range 

0°C to 70°C 

• Performance Ranges: 



ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




tRAC 


tAA 


tCAC 


WRITE 










CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


•497MBM36A-60 


60 ns 


30 ns 


15 ns 


110 ns 


'497MBM36A-70 


70 ns 


35 ns 


18 ns 


130 ns 


'497MBM36A-80 


80 ns 


40 ns 


20 ns 


150 ns 


'893NBM36A-60 


60 ns 


30 ns 


15 ns 


110 ns 


'893NBM36A-70 


70 ns 


35 ns 


18 ns 


130 ns 


'893NBM36A-80 


80 ns 


40 ns 


20 ns 


150 ns 


Gold-Tabbed 


Versions Availableit 





TM497MBM36A 
TM893NBM36A 

Tin-Lead (Solder) Tabbed Versions 
Available: 

TM497MBM36Q 

TM893NBM36Q 



description 
TM497MBM36A 

The TM497MBM36A is a 16-megabyte dynamic random-access memory (DRAM) organized as four times 
4194304 x 9 (bit 9 is generally used for parity) in a 72-pin, leadless single-in-line memory module (SIMM). The 
SIMM is composed of eight TMS41 7400DJ, 4 1 94304 x 4-bit DRAMs, each in 24/26-lead plastic small-outline 
J-lead (SOJ) packages and four TMS44100DJ, 4194304 x 1-bit DRAMs, each in 20/26-lead plastic 
small-outline J-lead (SOJ) packages mounted on a substrate with decoupling capacitors. The TMS417400DJ 
and TMS44100DJ are described in the TMS41 7400 and TMS44100 data sheets, respectively/The 
TM497MBM36A SIMM is available in the single-sided, BM leadless module for use with sockets. 

TM893NBM36A 

The TM893NBM36A is a 32-megabyte DRAM organized as four times 8388608 x 9 (bit 9 is generally used for 
parity) in a 72-pin, leadless single-in-line memory module (SIMM). The SIMM is composed of sixteen 
TMS41 7400DJ, 4 1 94304 x 4-bit DRAMs, each in 24/26-lead plastic small-outline J-lead (SOJ) packages and 
eight TMS441 00DJ, 4 1 94304 x 1 -bit DRAMs, each in 20/26-lead plastic small-outline J-lead (SOJ) packages 
mounted on a substrate with decoupling capacitors. The TMS41 7400DJ and TMS441 00DJ are described in the 
TMS417400 and TMS44100 data sheets, respectively. The TM893NBM36A SIMM is available in the 
double-sided, BM leadless module for use with sockets. 

operation 
TM497MBM36A 

The TM497MBM36A operates as eight TMS417400DJs and four TMS44100DJs connected as shown in the 
functional block diagram and Table 1 . The common 1 10 feature dictates the use of early-write cycles to prevent 
contention on D and Q. 

PRODUCTION DATA Information it currant as of miNlcatlon date. m . Copyright © 1 995, Texas Instruments Incorporated 

Products conform to specifications per ths forms of Texas Instrumsnts 
standard warranty. Production processing doss not nscsssarily Include 
tasting of all parameters. 
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TM893NBM36A 

The TM893NBM36A operates as sixteen TMS41 7400DJs and eight TMS441 OODJs connected as shown in the 
functional block diagram and Table 1 . The common I/O feature dictates the use of early-write cycles to prevent 
contention on D and Q. 

refresh 

The r efresh period is extended to 32 ms and, during this period, each of the 2048 rows must be strobed with 
RAS in order to retain data. Address line A1 0 must be used as the most significant refresh address line (lowest 
frequency) to ensure correct refresh for both TMS417400 and TMS44100. Ad dress lines A0-A9 must be 
refreshed every 1 6 ms as required by the TMS441 00 DRAM. To conserve power, CAS can remain high during 
the refresh sequence. 

power up 

To achieve proper operation, an initial pause of 200 \xs followed by a minimum of eight initialization cycles is 
requir ed after full Vcc lovel is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR-refresh) cycle. 



Table 1. Connection Table 



DATA BLOCK 


RASX 




SIDE 1 


SIDE 2 1 


CASX 


DQ0-DQ7 
DQ8 


RAS0 


RAST 


CAS0 


DQ9-DQ16 
DQ17 


RAS0 


RAST 


CAST 


DQ18-DQ25 
DQ26 


RAS2 


RAS3 


CAS2 


DQ27-DQ34 
DQ35 


RAS2 


RAS3 


CAS3 



t Side 2 applies to the TM893NBM36A. 



single-in-line-memory module and components 

PC substrate: 1 , 27 ± 0,1 mm (0.05 inch) nominal thickness; inch/inch maximum warpage 
Bypass capacitors: Multilayer ceramic 

Contact area for TM497MBM36A and TM893NBM36A: Nickel plate and gold plate over copper 
Contact area for TM497MBM36Q and TM893NBM36Q: Nickel plate and tin/lead over copper 
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BM SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 



TM497MBM36A 
(SIDE VIEW) 



TM893NBM36A 
(SIDE VIEW) 



j 



vss 


CD 


1 


DQO 


CZD 


2 


DQ18 


CD 


3 


DQ1 


CD 


4 


DQ19 


CD 


5 


DQ2 


CD 


6 


DQ20 


CD 


7 


DQ3 


CD 


8 


DQ21 


CD 


9 


vcc 


CD 


10 


NC 


CD 


11 


AO 


CD 


12 


A1 


CD 


13 


A2 


CD 


14 


A3 


CD 


15 


A4 


CD 


16 


AS 


CD 


17 


A6 


CD 


18 


A10 


CD 


19 


DQ4 


CD 


20 


DQ22 


CD 


21 


DQ5 


CD 


22 


OQ23 


CD 


23 


DQ6 


CD 


24 


DQ24 


CD 


25 


DQ7 


CD 


26 


DQ25 


CD 


27 


A7 


CD 


28 


NC 


CD 


29 


Vcc 


CD 


30 


A8 


CD 


31 


A9 


CD 


32 


RAS3 


CD 


33 


RAS2 


CD 


34 


DQ27 


CD 


35 


DQ8 


CD 

s 


36 


DQ17 


CD 


37 


DQ35 


CD 


38 


Vss 


CD 


39 


CASO 


CD 


40 


CAS2 


CD 


41 


CAS3 


CD 


42 


CAS1 


CD 


43 


RASP 


CD 


44 


RAS1 


CD 


45 


NC 


CD 


46 


W 


CD 


47 


NC 


CD 


48 


DQ9 


CD 


49 


OQ27 


CD 


50 


DQ10 


CD 


51 


DQ28 


CD 


52 


DQ11 


CD 


53 


DQ29 


CD 


54 


DQ12 


i \ 


55 


DQ30 


CD 


56 


DQ13 


CD 


57 


DQ31 


CD 


58 


vcc 


CD 


59 


DQ32 


CD 


60 


DQ14 


CD 


61 


DQ33 


CD 


62 


DQ15 


CD 


63 


DQ34 


CD 


64 


DQ16 


CD 


65 


NC 


CD 


66 


PD1 


CD 


67 


PD2 


CD 


68 


PD3 


CD 


69 


PD4 


CD 


70 


NC 


CD 


71 


vss 


CD 


72 



© 



© 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS0-CAS3 


Column-Address Strobe 


DQ0-DQ35 


Data In /Data Out 


NC 


No Connection 


PD1-PD5 


Presence Detects 


RAS0-RAS3 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


w 


Write Enable 



PRESENCE DETECT 


SIGNAL 
(PIN) 


PD1 
(67) 


PD2 
(68) 


PD3 
(69) 


PD4 

(70) 




80 ns 


vss 


NC 


NC 


vss 


TM497MBM36A 


70 ns 


vss 


NC 


vss 


NC 




60 ns 


vss 


NC 


NC 


NC 




80 ns 


NC 


v S s 


NC 


vss 


TM893NBM36A 


70 ns 


NC 


v S s 


v S s 


NC 




60 ns 


NC 


vss 


NC 


NC 
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functional block diagram (TM497MBM36A and TM893NBM36A, side 1) 
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11 
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11 
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DQ18- X 
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lis. 
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CAS 
OE 
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DQ22- X 
DQ25 



41 



-4#-DQ17 
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W 
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D Q 



11 
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CAS 
OE 
DQ1- 
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DQ27- 
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11 
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CAS 
OE 
DQ1- 
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DQ31- 
DQ34 



11 



-O-D026 



xl 
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D Q 
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functional block diagram (TM893NBM36A, side 2) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc (see Note 1) . - 1 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation: TM497MBM36A, TM497MBM36Q 12 W 

TM893NBM36A.TM893NBM36Q 24W 

Operating free-air temperature range, 0°G to 70°C 

Storage temperature range, T stg 55°C to 125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V|i_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


0 70 


•c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


'497MBM36A-60 


'497MBM36A-70 


'497MBM36A-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


•oh = - 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


lOL = 4-2 mA 


0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All other pins = 0 V to Vqc 


±10 


±10 


±10 


HA 


. Output current 
10 (leakage) 


VcC'S.SV, Vo*0VtoVcc. 
CAS high 


±10 


± 10 


±10 


HA 


. Read- or write-cycle 
'CC1 current 


Vqc - 5.5 V, Minimum cycle 


1300 


1160 


1040 


mA 


ICC2 Standby current 


V|H = 2.4V0TL), 
After 1 memory cycle, 
RAS and CAS high 


24 


24 


24 


mA 


V|H=Vcc- 0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


12 


12 


12 


mA 


Average refresh 
. current 
003 (RAS-only refresh 

orCBR) 


Vcc-5.5V, Minimum cycle, 
RAS cycling, 

CAS high (RAS-only refresh) ; 
RAS low after CAS low (CBR) 


1300 


1160 


1040 


mA 


. Average page 
'CC4 curr ent 


Vcc«5.5V, tpc*MIN, 
RAS low, CAS cycling 


920 


800 


680 


mA 



$ For test conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (continued) 



DADAIIETCD 

PAHAMcTcH 


TEST CONDITIONSt 


'893NBM36A-60 


'893NBM36A-70 


'893NBM36A-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
0H voltage 


lOH w - 5 mA 


2.4 


2.4 


2.4 


V 


v Low-level output 
V ° L voltage 


l0L = 4 - 2 mA 


0.4 


0.4 


0.4 


V 


. Input current 
1 (leakage) 


V CC 88 5 - 5 v » V| = 0 V to 6.5 V, 
All other pins = 0 V to Vcc 


±20 


±20 


±20 


HA 


. Output current 
0 (leakage) 


Vqc * 5.5 V, Vo = 0 V to Vcc. 
CAS high 


. on 


± cM 


j. on 




Read- or wrlte-cycle 
ICC1 current (one RAS 
active, see Note 3) 


Vqc 88 5.5 V, Minimum cycle 


1324 


1184 


1064 


mA 


ICC2 Standby current 


V|H«2.4V(TTL), 
After 1 memory cycle, 
RA§ and CAS high 


48 


48 


48 


mA 


V| H * Vcc -0.2 V (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


24 


24 


24 


mA 


Average refresh 
. current 
cca (RAS only or CBR, 

see Note 3) 


Vcc ■ 5-5 V, Minimum cycle, 
RAS cycling, 

CAS high (RAS-only refresh); 
RAS low after CAS low (CBR) 


1324 


1184 


1064 


mA 


Average page 
. current 
,CC4 (one RA§ active, 

see Note 4) 


Vcc -5.5 V, tpc = MIN, 
RAS low, CAS cycling 


944 


824 


704 


mA 



1 ' For test conditions shown as MIN /MAX, use the appropriate value sp ecifie d in the timing requirements. 
NOTES: 3. Measured with a maximum of one address change while RAS ■ V||_ 
4. Measured with a maximum of one address change while CAS = Vm 



capacitance over recommended supply voltage range and operating free-air temperature range, 
f = 1 MHz (see Note 5) 



PARAMETER 


'497MBM36A 


•893NMB36A 


UNIT 


MIN MAX 


MIN MAX 


c i(A) Input capacitance, AO- A10 


60 


120 


PF 


Cj(R) Input capacitance, RAS inputs 


42 


42 


PF 


Cj(C) Input capacitance, CAS inputs 


21 


42 


PF 


Cj(w) Input capacitance, write-enable input 


B4 


168 


PF 


c o(DQ) Output capacitance 


DQ pins 


7 


14 


PF 


Parity pins 


12 


24 


P F 



NOTE 5: Vcc - 5 V ± 0.5 V, and the bias on pins under test is 0 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMFTFR 


497MBM36A-60 
'893NBM36A-60 


497MBM36A-70 
'893NBM36A-70 


497MBM36A-80 
'893NBM36A-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


tQAC Access time from CAS low 


15 


18 


20 


ns 


tRAC Access time from RAS low 


60 


70 


80 


ns 


tCPA Access time from column precharge 


35 


40 


45 


ns 


tci_z CAS low to output in low-impedance state 


0 


0 


0 


ns 


tQFF Output disable time after CAS high (see Note 6) 


0 15 


0 18 


0 20 


ns 


tQH Output disable time, start of CAS high 


3 


3 


3 


ns 


NOTE 6: tQFF is specified when the output is no longer driven. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 




•497MBM36A-60 
'893NBM36A-60 


'497MBM36A-70 
'893NBM36A-70 


'497MBM36A-80 
'893NBM36A-80 


UNIT 


MIN MAY 


MIN MAX 


MIN MAX 


tor* f^x/Hft timo random roarf or writo fcea Note 7\ 

IHf. wy wID till IO| 1 Cll IvIVJI II 1 OQvl vl Wl HQ ^«ww liviD w J 


110 


130 


150 


ns 


too Gx/Ha timo nflnA-mndfi roari or writA fcAo NotAQ 7 And ft\ 

IK^f- Vyvlw 111 1 lw) WQMv HlwVlw ICGIM wl WIHO IO«« livlw / Cll Ivl Wl 


40 


45 


50 


ns 


tRASP Pulse duration, page mode, RAS low, 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low 


60 10 000 


70 10000 


80 10 000 


ns 


tCAS Pulse duration, CAS low 


15 10 000 


18 10 000 


20 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tpp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


tyyp Pulse duration, W low 


10 


10 


10 


ns 


tASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tos Setup time, data before CAS low 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


*CWL Setup time, W low before CAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twcs Setup time, W low before CAS low 


0 


0 


0 


ns 


tyy/RP Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


tQAH Hold time, column address after CAS low 


10 


15 


15 


ns 


tRHCP Hold time, RAS high from CAS precharge 


35 


40 


45 


ns 


tpH Hold time, data after CAS low 


10 


15 


15 


ns 


*RAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 9) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 9) 


0 


0 


0 


ns 


tyvCH Hold time, W low after CAS low 


10 


15 


15 


ns 


twRH Hold time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 



NOTES: 7. All cycle times assume tj ■ 5 ns. 

8. To assure tpc min, tASC sn °u'd be * tcp . 

9. Either tRRH or *RCH must De satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'497MBM36A-60 
'893NBM36A-60 


'497MBM36A-70 
'893NBM36A-70 


'497MBM36A-80 
'893NBM36A-80 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 




*CHR 


Delay time, RAS low to CAS high (CBR refresh only) 


10 


10 


10 


ns 


tCRP 


Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tCSH 


Delay time, RAS low to CAS high 


60 


70 


80 


ns 


tCSR 


Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tRAD 


Delay time, RAS low to column address (see Note 10) 


15 


30 


15 


35 


15 


40 


ns 


tRAL 


Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL 


Delay time, column address to CAS high 


30 


35 


40 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 0) 


20 


45 


20 


52 


20 


60 


ns 


tRPC 


Delay time, RAS high to CAS low (CBR refresh only) 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


15 


18 


20 


ns 


tREF 


Refresh time interval 


32 


32 


32 


ms 


tT 


Transition time 


3 


30 


3 


30 


3 


30 


ns 



NOTE 10: The maximum value is specified only to assure access time. 



device symbolization (TM497MBM36A illustrated) 



□ □ □ □ 

>Q D Q D D D 0 0* 

I TM497MBM36A —SS YYMMT 

YY * Year Code 

MM = Month Code 

T ■ Assembly Site Code 

-SS = Speed Code 



NOTE: Location of symbolization may vary. 
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SDRAM/VRAMs 


5 
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6 


EPROMs/OTP PROMs/Flash EEPROMs B 


Military Products S 1 ; 


8 


Mechanical Data # ^£ v;4£0£ 


9 
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10 


Quality and Reliability 


11 


Electrostatic Discharge Guidelines 
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Contents 

CHAPTER 7. FLASH MEMORY 

ERASABLE PROGRAMMABLE READ-ONLY MEMORY (EPROM) 
ONE-TIME PROGRAMMABLE MEMORY (OTP) 



TMS28F512A 524288-bit (64K x 8) 12-V Flash Memory 7-3 

TMS28F010B 1 048576-bit (128K x 8) 12-V Flash Memory 7-25 

TMS28F210 1048576-bit (64Kx16) 12-V Flash Memory 7-47 

TMS28F020 2097152-bit (256K x 8) Flash Memory ............ . . 7-67 

TMS28F200 2097 1 52-bit (256K x 8/51 2K x 1 6) Flash Memory 7-87 

TMS28F400 4194304-bit (256K x 8/512K x 16) Flash Memory 7-115 

TMS27C256 262 1 44-bit (32K x 8) CMOS EPROM 7-1 43 

TMS27PC256 262144-bit (32K x 8) CMOS OTP PROM 7-143 

TMS27C51 0 524288-bit (64K x 8) CMOS EPROM 7-1 55 

TMS27PC51 0 524288-bit (64K x 8) CMOS OTP PROM 7-1 55 

TMS27C512 524288-bit (64K x 8) CMOS EPROM 7-167 

TMS27PC512 524288-bit (64K x 8) CMOS OTP PROM 7-167 

TMS27C01 OA 1 048576-bit (1 28K x 8) CMOS EPROM 7-1 79 

TMS27PC010A 1 048576-bit (128K x 8) CMOS OTP PROM 7-179 

TMS27C210A 1048576-bit (64Kx 16) CMOS EPROM 7-191 

TMS27PC21 OA 1 048 576-bit (64K x 1 6) CMOS OTP PROM 7-191 

TMS27C020 2097 1 52-bit (256K x 8) CMOS EPROM ........ 7-201 

TMS27PC020 2097152-bit (256Kx 8) CMOS OTP PROM .............. 7-201 

TMS27C040 4 1 94304-bit (51 2K x 8) CMOS EPROM 7-21 1 

TMS27PC040 41 94304-bit (51 2K x 8) CMOS OTP PROM 7-21 1 

TMS27C240 4 194304-bit (256K x 1 6) CMOS EPROM 7-221 

TMS27PC240 4 1 94304-bit (256K x 1 6) CMOS OTP PROM 7-221 
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• Organization . . . 64K x 8-Blt Flash Memory 

• All Inputs/Outputs TTL Compatible 

• Vqc Tolerance ±10% 

• Maximum Access /Minimum Cycle Time 
'28F512A-10 100 ns 
'28F512A-12 120 ns 
'28F512A-15 150 ns 
'28F512A-17 170 ns 

• Industry-Standard Programming Algorithm 

• PEP4 Version Available With 168-Hour 
Burn-In and Choice of Operating 
Temperature Ranges 

• Chip Erase Before Preprogramming 

• 10000 and 1 000 Program/Erase Cycles 

• Low Power Dissipation (Vqc = 5.5 V) 

- Active Write ... 55 mW 

- Active Read ... 165 mW 

- Electrical Erase . . . 82.5 mW 

- Standby . . . 0.55 mW 

(CMOS-Input Levels) 

• Automotive Temperature Range 

-40°C to125°C 

description 

The TMS28F51 2A Flash memory is a 524 288-bit, 
programmable read-only memory that can be 
electrically bulk-erased and reprogrammed. It is 
available in 10000 and 1000 program/erase 
endurance cycle versions. 

The TMS28F512A is offered in a dual-in-line 
plastic package ( N suffix) designed for insertion in 
mounting-hole rows on 15,2-mm (600-mil) 
centers, a 32-lead plastic leaded chip-carrier 
package with 1,25-mm (50-mil) lead spacing 
(FM suffix), a 32-lead thin small-outline package 
(DD suffix), and a reverse-pinout TSOP package 
(DU suffix). 

The TMS28F512A is characterized for operation 
in temperature ranges of 0°C to 70°C (NL, FML, 
DDL, and DUL suffixes), -40°C to 85°C (NE, 
FME, DDE, and DUE suffixes), and -40°C to 
125°C (NQ, FMQ, DDQ, and DUQ suffixes). All 
package types are offered with 168-hour burn-in 
(4 suffix). 



N PACKAGE 
(TOP VIEW) 
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2 


31 
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30 
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4 


29 


] A14 
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5 


28 
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6 


27 
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A5[ 


7 


26 


] A9 




o 
o 




J Ml 1 
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9 


24 


]G 
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10 


23 
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A1[ 


11 


22 


]E 


A0[ 


12 


21 


]DQ7 


DQ0[ 


13 


20 


]DQ6 
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14 


19 


]DQ5 


DQ2[ 


15 


18 


]DQ4 


v ss [ 


16 


17 


]DQ3 
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A4[ 
A3[ 
A2[ 
A1[ 
A0[ 
DQ0[ 



FM PACKAGE 
(TOP VIEW) 
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PIN NOMENCLATURE 



A0-A15 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 


G 


Output Enable 


NC 


No Internal Connection 


vcc 


5-V Power Supply 


V P p 


12-V Power Supply 


v ss 


Ground 


w 


Write Enable 



PRODUCTION DATA Information Is currant m of publication date. m Copyright © 1995, Texas Instruments Incorporated 

Product* conform to tp«ctficatlon« pw th« term* of Texas Inttrunwnts W lm 

•tendard warranty. Production proctMlng dots not rttcoaurtty includa wf Trvac 
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DD PACKAGE 
(TOP VIEW) 



ah LZ 


1 o 


32 


□ g 


A9 LZ 


2 


31 


□ aio 


A8 LZ 


3 


30 


□ e 


A13 LZ 


4 


29 


Z)DQ7 


A14 LZ 


5 


28 


□ DQ6 


nc LZ 


6 


27 


□ DQ5 


w LZ 


7 


26 


□ DQ4 


V CC I — 


o 
o 


£.0 


1 UVJO 


Vpp LZ 


9 


24 
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10 


23 


□ DQ2 
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11 


22 
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A12 LZ 


12 


21 


Zdqo 
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13 


20 
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14 


19 
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15 


18 
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16 


17 
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DU PACKAGE 
REVERSE PINOUT 
(TOP VIEW) 
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32 
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3 


30 


□ A8 


DQ7 LZ 


4 


29 
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5 


28 
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6 


27 
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7 


26 
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8 


25 
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9 


24 


□ Vpp 
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10 


23 
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11 


22 
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12 


21 
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13 


20 
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19 
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device symbol nomenclature 



PEP4 Bum-In 

4 » 168-Hour Burn-In 
(blank If no burn-In) 

Temperature Range Designator 
L « 0°C to 70°C 
E * -40°C to 85°C 
Q * -40°C tOl25°C 

Package Designator 

N a Plastic DuaMn-Une Package 
FM « Plastic Leaded Chip Carrier 
DD * Thin Small-Outline Package 
DU > Thin Small-Outline Package, 
Reverse Plnout 

Program/Erase Endurance 
C4 8 10000 Cycles 
C3 8 1 000 Cycles 



TMS28F512A 



-12 C4 FM 



Speed Designator 
-10 8 100 ns 
-12 8 120 ns 
-15 8 150 ns 
-17 s 170 ns 
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logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 



G 
W 



DQO 



DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



12 


FLASH 
a >* EEPROM 


11 


15 J 


65536x8 


10 


9 


8 


7 


6 


5 


27 


>A 0 
65535 


26 


23 


25 


4 


28 


29 


3 


22 # k 


G1 

[PWR DWN] 
G2 

1,2 EN (READ) 
1C3 (WRITE) 

* r 




24 k 
31 « 


T N 




14 


A, 3D 

V4 A.Z4- 




15 ^ 




17 




is ^ r 




19 4» 




20 4h 




21 ^ £ 





t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the N package. 
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functional block diagram 



Vpp 



w 



E — •> 

G 



A0-A15 < 



State Control 



Program/Erase 
Stop Timer 



Command Register 



Erase-Voltage Switch 



DQ0-DQ7 
8] 



To Array 




i 



Input/ Output Buffers 



STB 



Chip-Enable and 
Output-Enable 
Logic 



STB 



Data Latch 



A 
d 


Column Decoder 


d 




r 




e 




s 




s 




L 


Row Decoder 


a 




t 




c 




h 





Column Gating 



524 288-Bit 
Array Matrix 
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Table 1. Operation Modes 







FUNCTION"!" 




unnc 


Vpp* 


E 

(22\ 


G 


AO 

(12) 


A9 


w 

(31) 


DQ0-DQ7 
M3-15 17-211 




Read 


Vddi 


V11 

V IL 


Vn 


x 


x 


Viu 


Data Out 




Output Disable 


VppL 


V|L 


V|H 


X 


X 


V|H 


Hi-Z 


Read 


Standby and Write Inhibit 


VppL 


V|H 


X 


X 


X 


X 


Hi-Z 




Algorithm-Selection Mode 


VppL 


V|L 


V, L 


V|L 


V|D 


V|H 


Mfr Equivalent Code 89h 




V IH 


Device Equivalent Code B8h 




Read 


VppH 


V|L 


V, L 


x 


X 


V| H 


Data Out 


Read/ 


Output Disable 


VPPH 


V|L 


V, H 


X 


X 


V|H 


Hi-Z 


Write 


Standby and Write Inhibit 


VPPH 


V|H 


X 


X 


X 


X 


Hi-Z 




Write 


VPPH 


VlL 


V| H 


X 


X 


V|L 


Data In 



tXcan be V|LorV|H. 

* Vpp|_ x Vqc + 2 V; Vppn is the programming voltage specified for the device. For more details, see recommended operating conditions. 



operation 
read/output disable 

When the outputs of two or more TMS28F512As are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F51 2A, a low-level signal is applied to the E and G pins. All other devices in the 
circuit should have their outputs disabled by applying a high-level signal to one of these pins. 

standby and write inhibit 

Active Iqc current can be reduced from 30 mA to 1 mA by applying a high TTL lev&l on E or to 1 00 uA with a 
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F51 2A draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 is forced to V|d- Two identifier bytes are accessed by toggling AO. 
All other addresses must be held low. AO low selects the manufacturer equivalent code 89h, and AO high selects 
the device equivalent code B8h, as shown in the algorithm-selection mode table below: 



IDENTIFIERS 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


Manufacturer Equivalent Code 


V|L 


1 


0 


0 


0 


1 


0 


0 


1 


89 


Device Equivalent Code 


V| H 


1 


0 


1 


1 


1 


0 


0 


0 


B8 



E = G= V||_, A1 - A8 = V||_, A9 = V|D, A10-A15 = V|L, Vpp = Vpp^ 



programming and erasure 

In the erased state, all bits are at a logic 1 . Before erasing the device, all memory bits must be programmed to 
a logic 0. Afterwards, the entire chip is erased. At this point, the bits, now logic 1s, can be programmed 
accordingly. Refer to the Fastwrite and Fasterase algorithms for further detail. 
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command register 

The command register controls the program and erase functions of the TMS28F51 2A. The algorithm-selection 
mode can be activated using the command register in addition to the previously described method. When Vpp 
is high, the contents of thecommand register and the function being performed can be changed. The command 
register is written to when E is low and W is pulsed low. The address is latched on the leading edge of the pulse, 
while the data is latched on the trailing edge. Accidental programming or erasure is minimized because two 
commands must be executed to invoke either operation. 

power supply considerations 

Each device should have a 0. 1 ~[iF ceramic capacitor connected between Vqq and V$s to suppress circuit noise. 
Changes in current drain on Vpp requires it to have a bypass capacitor as well. Printed circuit traces for both 
power supplies should be appropriate to handle the current demand. 



Table 2. Command Definitions 



COMMAND 


REQUIRED 
BUS 
CYCLES 


FIRST BUS CYCLE 


SECOND BUS CYCLE 


OPERATIONt 


ADDRESS 


DATA 


OPERATIONt 


ADDRESS 


DATA 


Read 


1 


Write 


X 


OOh 


Read 


RA 


RD 


Algorithm-Selection Mode 


3 


Write 


X 


90h 


Read 


0000 
0001 


89h 
B8h 


Set-Up-Erase/Erase 


2 


Write 


X 


20h 


Write 


X 


20h 


Erase Verify 


2 


Write 


EA 


AOh 


Read 


X 


EVD 


Set-Up-Program/Program 


2 


Write 


X 


40h 


Write 


PA 


PD 


Program Verify 


2 


Write 


X 


COh 


Read 


X 


PVD 


Reset 


2 


Write 


X 


FFh 


Write 


X 


FFh 



t Modes of operation are defined in Table 1 . 



Legend: 

EA Address of memory location to be read during erase verify 

RA Address of memory location to be read _ 

PA Address of memory location to be programmed. Address is latched on the falling edge of W. 

RD Data read from location RA during the read operation 

EVD Data read from location EA during erase verify _ 

PD Data to be programmed at location PA. Data is latched on the rising edge of W. 

PVD Data read from location PA during program verify 
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command definitions 
read command 

Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are OOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

aigorithm-selection-mode command 

The algorithm-selection mode is activated by writing 90h into the command register. The manufacturer 
equivalent code (89h) is identified by the value read from address location OOOOh, and the device equivalent 
code (B8h) is identified by the value read from address location 0001 h. 

set-up-erase/erase commands 

The erase algorithm initiates with E=V|l,W=V|l,G = V|h, Vpp = VppH, and Vqc = 5 V. To enter the erase mode, 
write the set-up-erase command, 20h, into the command register. After the TMS28F51 2A is in the erase mode, 
writing a second erase command, 20h, into the command register invokes the erase operation. The erase 
operation begins on the rising edge of W and ends on the rising edge of the next W. The erase operation requires 
10 ms to complete before the erase-verify command, AOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stop timer terminates the erase 
operation, the device enters an inactive state and remains inactive until a valid erase-verify, read, or reset 
command is received. 

erase-verify command 

All bytes must be verified following an erase operation. After the erase operation is complete, an erased byte 
can be verified by writing the erase-verify command, AOh, into the command register. This command causes 
the device to exit theerase mode on the rising edge of W. The address of the byte to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a valid command is written to the 
command register. 

To determine whether or not all the bytes have been erased, the TMS28F51 2A applies a margin voltage to each 
byte. If FFh is read from the byte, all bits in the designated byte have been erased. The erase-verify operation 
continues until all of the bytes have been verified. If FFh is not read from a byte, an additional erase operation 
needs to be executed. Figure 2 shows the combination of commands and bus operations for electrically erasing 
the TMS28F512A. 

set-up-program/program commands 

The programming algorithm initiates with E = Vjl, W = V||_, G = V|h, Vpp = Vppn, and Vqc = 5 V. To enter the 
programming mode, write the set-up-program command, 40h, into the command register. The programming 
operation is invoked by the next write-enable pulse .Addresses are latched internally on the falling edge of W, 
anddata is latched internally on the rising edge of W. The programming operation begins on the rising edge 
of W and ends on the rising edge of the next W pulse. The program operation requires 10 \xs for completion 
before the program-verify command, COh, can be loaded. 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the device enters an inactive state and remains inactive until a valid program-verify, read, or reset 
command is received. 
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program-verify command 

The TMS28F51 2A can be programmed sequentially or randomly because it is programmed one byte at a time. 
Each byte must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed byte. To invoke the program-verify operation COh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 

While verifying a byte, the TMS28F51 2A applies an internal margin voltage to the designated byte. If the true 
data and programmed data match, programming continues to the next designated byte location; otherwise, the 
byte must be reprogrammed. Figure 1 shows how commands and bus operations are combined for byte 
programming. 

reset command 

To reset the TMS28F512A after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write FFh into the command register two consecutive times. After executing 
the reset command, a valid command must be written into the command register to change to a new state. 

Fastwrite algorithm 

The TMS28F512A is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This 
algorithm programs in a nominal time of two seconds. 

Fasterase algorithm 

The TMS28F512A is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in one second. 

parallel erasure 

To reduce total erase time, several devices can be erased in parallel. Since each Flash EEPROM can erase 
at a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again. All devices that complete 
erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving the E pin high, writing the read command 
(OOh) to the device when the others receive a set-up-erase or erase command, or disconnecting it from all 
electrical signals with relays or other types of switches. 
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C 



Start 



Address »OOh | 

VCC *5V ± 10%]vpp « 12 V ± 5% T 



T 

Setup 



X = 1 



Write Set-Up-Program 
Command 



Increment 
Address 



C 



Write Data 
3 



| Wait. 10ns \ | X = X + 1 | 



Write Program-Verify Command I 




Interactive 
Mode 



Power 
Down 



| ApplyV PPL H | Apply Vpp L n 



^Device Passed) Q Device Failed^ — 



Bus 
Operation 


Command 


Comments 


Initialize 
Address 

Standby 




Walt for Vpp to ramp to 
VppH (see Note A) 

Initialize pulse count 


write 


Set-Up- 
Program 


uaia s Hun 


Write 


Write Data 


Valid address/data 


Standby 




Walt = 10 ias 


Write 


Program- 
Verify 


Data = COh; ends 
program operation 


Standby 




Wait = 6^s 


Read 




Read byte to verify 
programming; compare 
output to expected output 








Write 


Read 


Data = OOh; resets register 
for read operations 


Standby 




Walt for Vpp to ramp to 
Vppl (see Note B) 



NOTES: A. Refer to the recommended operating conditions for the value of VppH- 
B. Refer to the recommended operating conditions for the value of Vpp|_. 

Figure 1 . Programming Flowchart: Fastwrite Algorithm 
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Preprogram 



Program All 
Bytes to OOh 



Address = OOh 



VCC a 5V*10%. Vpp = 12 V ±5% 



r 



X = 1 



] ^ 

Setup 



| Write Set-Up-Erase Command""] *- 
| Write Erase Command "*"| 



Wait = 10 ms 



] |XxX+1 | 



| Write Erase-Verlfy Command"] 




Write Read Command | ■ — -] f r 

| Apply V PPL | | Apply V PPL | Power 



Down 



^Device Passed) ^Device Failed^ — ^— 

NOTES: A. Refer to the recommended operating conditions for the value of VppH. 
B. Refer to the recommended operating conditions for the value of Vppi_. 

Figure 2. Flash-Erase Flowchart: Fasterase Algorithm 



Bus 
Operation 


Command 


Comments 






Entire memory must * OOh 
before erasure 

Use Fastwrlte 
programming algorithm 






Initialize addresses 


Standby 




wait Tor vpp to ramp to 
VppH(seeNoteA) 






Initialize pulse count 


Write 


Set-Up- 
Erase 


Data = 20h 


Write 


Erase 


Data « 20h 


Standby 




Wait x 10 ms 


Write 


Erase- 
Verlfy 


Addr ■ Byte to verify; 
Data ■ AOh; ends the erase 
operation 


Standby 




Wait = 6^ 


Read 




Read byte to verify erasure; 
compare output to FFh 








Write 


Read 


Data x OOh; resets register 
for read operations 


Standby 




Walt for Vpp to ramp to 
VppL (see Note B) 
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C start ) 



| Program All Devices to OOh | 



X=1 



Give Erase Command to All 
Devices 



D = 1 



Mask Device #D 



Give Read 
Command to 
All Devices 



c 




D = D+1 



X = X + 1 



4 




Give Erase 


Command to 


Ail Unmasked 


Devices 


i 


i 

No 



Give Read 
Command To 
All Devices 



All Devices Pass 



c 




Finished With Errors 



t n = number of devices being erased. 

Figure 3. Parallel-Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vqc (see Note 1 ) - 0.6 V to 7 V 

Supply voltage range, Vpp - 0.6 V to 1 4 V 

Input voltage range (see Note 2): All inputs except A9 - 0.6 V to Vqc + 1 v 

A9 -0.6 Vto 13.5V 

Output voltage range (see Note 3) - 0.6 V to Vqc + 1 v 

Operating free-air temperature range during read/erase/program, Ta 

NL, FML, DDL, DUL 0°Cto70°C 

NE, FME, DDE, DUE -40°Cto85°C 

NQ, FMQ, DDQ, DUQ -40°Cto125°C 

Storage temperature range, T stg - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to Vss- 

2. The voltage on any input pin can undershoot to - 2.0 V for periods less than 20 ns. 

3. The voltage on any output pin can overshoot to 7.0 V for periods less than 20 ns. 



recommended operating conditions 





MIN 


TYP MAX 


UNIT 


vcc 


Supply voltage 


During write/read /flash erase 


4.5 


5 5.5 


V 


Vpp 


Supply voltage 


During read only (Vpp|_) 


0 


Vqc + 2 


V 


During write /read /flash era 


se (Vp PH ) 


11.4 


12 12.6 


V 


V|D 


Voltage level on A9 for algorithm-selection mode 




11.5 


13 


V 


V| H 


High-level dc input voltage 




TTL 


2 


Vcc +0-5 


V 




CMOS 


V C C -0.5 


Vcc+0.5 


V|L 


Low-level dc input voltage 




TTL 


-0.5 


0.8 


V 




CMOS 


GND-0.2 


GND+0.2 










NL, FML, DDL, DUL suffix 


0 


70 




T A 


Operating free-air temperature 


NE, FME, DDE, DUE suffix 


-40 


85 


°C 








NQ, FMQ, DDQ, DUQ suffix 


-40 


125 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


Vqh High-level output voltage 


•oh - - 2 5 mA 


2.4 


V 


| O h=-100hA 


Vcc-0.4 


Vol Low-level output voltage 


IOL = 5.8 mA 


0.45 


v 


l O L=100nA 


0.1 


l|D A9 algorithm-selection-mode current 


A9 = V|d max 


200 


HA 


1 1 Input current (leakage) 


All except A9 


V| = 0Vto5.5V 


±1 


HA 


A9 


V| = 0Vto13V 


± 200 


lO Output current (leakage) 


Vn ■ 0 V to Vrr 


±10 


uA 


Ippi Vpp supply current (read /standby) 


Vpp = VppH, Road modG 


200 


uA 


Vpp = VppL 


±10 


ma 


Vpp supply current (during program pulse) 
PP2 (see Note 4) 


Vpp^VppH 


30 


mA 


. Vpp supply current (during flash erase) 
PP3 (see Note 4) 


Vpp = Vp PH 


30 


mA 


. Vpp supply current (during program /erase- 
lpP4 verify) (see Note 4) 




5.0 


mA 


, ^ Vcc supply current 
ccs (standby) 


TTL-input level 


Vcc = 5.5V, c = V|h 


1 


mA 


CMOS-input level 


Vcc^S.SV, E = V C C 


100 


MA 


ICC1 v cc supply current (active read) 


Vcc s 5.5 V, E = V| L , f^OMHz, 
Outputs open 


30 


mA 


. Vcc average supply current (active write) 
'CC2 (see Note 4) 


Vcc ■ 5.5 V, E = V||_, Programming in 
progress 


10 


mA 


• Vqc average supply current (flash erase) 
003 (see Note 4) 


Vcc 58 5.5 V, E = V||_, Erasure in 
progress 


15 


mA 


. Vcc average supply current 

CC4 (program /erase-verify) (see Note 4) 


Vcc - 5 5 V, E = V|L, Vpp = VppH, 
Program /erase-ver'rfy in progress 


15 


mA 



NOTE 4: Not 1 00% tested; characterization data available 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzt 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


C| Input capacitance 


V|*0V, f = 1MHz 


6 


PF 


Cq Output capacitance 


Vq = 0V, f = 1 MHz 


12 


PF 


t Capacitance measurements are made on sample basis only. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 




TEST 
CONDITIONS 


ALTERNATE 
SYMBOL 


'28F512A-10 


'28F512A-12 


28F512A-15 


28F512A-17 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Access time from 
ta ( A ) address, A 


C|_«100pF, 
1 Series 74 
TTL Load, 
Input if s 20 ns, 
Input tf < 20 ns 


l AVQV 


ion 


ion 


l*;n 


1 f\i 


ns 


Access time from 
ta(E) f 


*ELQV 


100 


120 


150 


4*7A 


ns 


Access time from 
ten(G) Q 


tGLQV 


45 


50 


55 


60 


ns 


*c(R) Cycle time, read 


tAVAV 


100 


120 


150 


170 


ns 


Delay time, E low 
^(E) to low-Z output 


tELQX 


0 


0 


0 


0 


ns 


Delay time, G low 
^(G) to low-Z output 


tGLQX 


0 


0 


0 


0 


ns 


Chip disable time 
tdis ( E ) to Hi-Z output 


tEHQZ 


0 55 


0 55 


0 55 


0 55 


ns 


Output disable 
tdis(G) time to Hi-Z 
output 


tGHQZ 


0 30 


0 30 


0 35 


0 35 


ns 


Hold time, data 

*h(D) va, ' d from_ 

address, E, or G* 


tAXQX 


0 


0 


0 


0 


ns 


. Write recovery 
rec(W) tj me before read 


tWHGL 


6 


6 


6 


6 


|IS 



* Whichever occurs first 
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timing requirements- write/erase/program operations 



PARAMETER 


ALTERNATE 


'28F512A-10 


'28F512A-12 


UNIT 


CVIIDAI 


MIN NOM MAX 


MIN NOM MAX 


km 


Cycle time, write using W 


tAVAV 


100 


120 


ns 


tc(W)PR 


Cycle time, programming operation 


tWHWHI 


10 


10 


|iS 


tc(W)ER 


Cycle time, erase operation 


tWHWH2 


9.5 10 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


55 


60 


ns 


*h(E) 


Hold time, E 


tWHEH 


0 


0 


ns 


*h(WHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


*su(A) 


Setup time, address 


tAVWL 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVWH 


50 


50 


ns 


tsu(E) 


Setup time, E before W 


tELWL 


20 


20 


ns 


tsu(EHVPP) 


Setup time, E high to Vpp ramp 


tEHVP 


100 


100 


ns 


tsu(VPPEU 


Setup time, Vpp to E low 


Vpel 


1.0 


1.0 


|4S 


trec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


(IS 


trec(R) 


Recovery time, read before W 


kaHWL 


0 


0 


MS 


tw(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


tw(WH) 


Pulse duration, W high 


*WHWL 


20 


20 


ns 


t r (VPP) 


Rise time, Vpp 


tVPPR 


1 


1 


[IS 


tf(VPP) 


Fall time, Vpp 


VPPF 


1 


1 


us 




PARAMETER 


alternate 


'28F512A-15 


•28F512A-17 


UNIT 


SYMBOL 


MIN NOM MAX 


MIN NOM MAX 


km 


Cycle time, write using W 


tAVAV 


150 


170 


ns 


kmPR 


Cycle time, programming operation 


tWHWHI 


10 


10 


fiS 


tc(W)ER 


Cycle time, erase operation 


tWHWH2 


9.5 10 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


60 


70 


ns 


th(E) 


Hold time, E 


twHEH 


0 


0 


ns 


th(WHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


tsu(A) 


Setup time, address 


tAVWL 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVWH 


50 


50 


ns 


tsu(E) 


Setup time, E before W 


tELWL 


20 


20 


ns 


tsu(EHVPP) 


Setup time, E high to Vpp ramp 


tEHVP 


100 


100 


ns 


tsu(VPPEU 


Setup time, Vpp to E low 


VPEL 


1.0 


1.0 


[AS 


trec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


US 


trec(R) 


Recovery time, read before W 


tGHWL 


0 


0 


us 


tw(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


*w(WH) 


Pulse duration, W high 


tWHWL 


20 


20 


ns 


tr(VPP) 


Rise time, Vpp 


VPPR 


1 


1 


JAS 


tf(VPP) 


Fall time, Vpp 


tvpPF 


1 


1 


us 



NOTE 5: Rise/fall time s 1 0 ns 
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timing requirements— alternative E-controlled writes 



PARAMETER 


ALTERNATE 


'28F512A-10 


'28F512A-12 


'28F512A-15 


'28F512A-17 


UNIT 


SYMBOL 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


km 


Cycle time, write using E 


*AVAV 


100 


120 


150 


170 


ns 


tc(E)PR 


Cycle time, programming 
operation 


*EHEH 


10 


10 


10 


10 


lis 


th/FAl 


Hold time, address 


*ELAX 


75 


80 


80 


90 


ns 


*h(ED) 


Hold time, data 


tEHDX 


10 


10 


10 


10 


ns 


th(W) 


Hold time, W 


*EHWH 


0 


0 


0 


0 


ns 


WA) 


Setup time, address 


tAVEL 


0 


0 


0 


0 


ns 


*su(D) 


Setup time, data 


tDVEH 


50 


50 


50 


50 


ns 


*su(W) 


Setup time, W before E 


tWLEL 


0 


0 


0 


0 


ns 


tsu(VPPEL) 


Setup time, Vpp to E low 


VPEL 


1.0 


1.0 


1.0 


1.0 


lis 


*rec(E)R 


Recovery time, write using E 
before read 


tEHGL 


6 


6 


6 


6 


US 


t rec(E)W 


Recovery time, read before 
write using E 


tGHEL 


0 


0 


0 


0 


us 


WE) 


Pulse duration, write using E 


*ELEH 


70 


70 


70 


80 


ns 


tw(EH) 


Pulse duration, write, E high 


*EHEL 


20 


20 


20 


20 


ns 



PARAMETER MEASUREMENT INFORMATION 

2.08 V 
> R|_ = 800 Q 



Output 
Under Test ' 



^ C L = 100pF 
(see Note A) 



LOAD CIRCUIT 

NOTE A: C|_ includes probe and fixture capacitance. 



24V — Y* 

0.45 V— — /V 



2V 
0.8 V 



Try 

o.8v y\ 



VOLTAGE WAVEFORMS 



Figure 4. Load Circuit and Voltage Waveforms 

AC testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1 -up ceramic 
capacitor connected between Vcc and V$s as close as possible to the device pins. 
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PARAMETER MEASUREMENT INFORMATION 



A0-A15 



DQ0-DQ7 




Figure 5. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- 
and Program 
Standby Command 



Program 
Command 

Latch Program- 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 



A0-A15 



J, 




t h (E) 



-h |* ts U (E) 



4—¥ 

I trec(R) I*" 



tc(W)PR 



I M I ■ ' I 



*rec(W)" 
— *V- 



DQ0-DQ7 




*h(WHD) T* 1 K" 
*w(W) hH k- 



I* J 4 " *h(WHD) 



] U- th(WHD)| 



tsu(D) 
Hl-Z 



I I I I ^~ "\ 

-a — gh — ^z>-« 

\ Data In / t 



Data In = 40h 



Data In ■ COh 



td(E) 
ta(E)- 



-M K-th(D) 
-4- «en(G) 



td(G) I 

I 



■J I 
—J 



Val 



lid Data-Out 



K- *su(VPPEL) 



| -*j k- t r (VPP) 

" *su(EHVPP) 



7v 



H- *f(VPP) 



Figure 6. Write-Cycle Timing 
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A0-A15 



DQ0-DQ7 



V CC 



Vpp 



VpPH 
VPPL 



PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- 
and Program 
Standby Command 



Program 
Command 

Latch Program- 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 



mmmpi — ^ro^ fe — pn ajj M m m, 

tc(W)> ^_ ' _J |*— tom — *| * te (R) 



tsu(A)-+" M | 

th(EA) "* K" 



tc(W) 
-H V *h(EA) 



I 



tsil(W)-Hl*- ! 8U(W) -#1 

th(w> -H |4- i -* k- t n(W ) 





-*| ft- W(E)W 



M1 >r— *w(EH) 



tc(w)B 



- tsu(A) 



I 



(*t,u(W) 

-H l* t h(W) 
J H— 



I 

-UJI 

I II 



tdis(G) 



*h(ED) t* K" 
tw(E)->l j*" J "* ^tw(E) 

k- I ts U(D) *k- | 



["^ j*~ *h(ED) 

f w(E) -*j U- j 
«su(D) 



f*-*rec(E)R 

• I 1 

[-H ft- *h(ED) 



tsu(D) | ts U(D) *k-j t8 U(D) -» |k- | | [ || 

I \ Data in / td(E) Ht-i W I 

Dataln = 40h Dataln = COh V , J_L_J 



5 V 



OV 



4*j k- tdis(E) 

-*ik4-t h (D) 



*en(G) 
«d(G) I 



li — v_ 



Valid Data-Out 

-J 



|4 *su(VPPEL) 



M i 



j+l (<- t r (VPP) 
-►I -K— *su(EHVPP) 

Figure 7. Write-Cycle (Alternative E-Controlled Writes) Timing 
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-*| |^~tf(VPP) 
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PARAMETER MEASUREMENT INFORMATION 



A0-A15 



W 



DQ0-DQ7 



vcc 



5V 



OV 



„ VppH 
Vpp 

VPPL 



Power Up Set-Up- 
and Erase 
Standby Command 



Erase- 
Verify 
Command 



Erase Standby/ 
Verification Power Down 




, I I 

j*j |4- t r (VPP) 
-*| 1*- tsutEHVPP) 



tf(VPP) 



Figure 8. Flash-Erase-Cycle Timing 
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• Organization . . . 128K x 8-Bit Flash Memory 

• Pin Compatible With Existing 1 -Megabit 
EPROMs 

• Vqc Tolerance ±10% 

• All Inputs/Outputs TTL Compatible 

• Maximum Access/Minimum Cycle Time 
'28F010B-90 90 ns 
'28F010B-10 100 ns 
'28F010B-12 120 ns 
'28F010B-15 150 ns 

• Industry-Standard Programming Algorithm 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choice of Operating 
Temperature Ranges 

• 100000 and 10000 Program /Erase-Cycle 
Versions Available 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• Low Power Dissipation (Vqc = 5.5 V) 
-Active Write . . . 55 mW 

-Active Read... 1 65 mW 
-Electrical Erase . . . 82.5 mW 
-Standby ... 0.55 mW 
(CMOS-Input Levels) 

• Automotive Temperature Range 

-40°Cto125°C 

description 



FM PACKAGE 
(TOP VIEW) 







< < < ^ > 15 z 

i — ii — ii — ii — ii — ii — ii — i 






r 


4 3 2 1 


32 31 


30 




A7[ 


5 


O 




29 


] A14 


A6[ 


6 






28 


] A13 


A5[ 


7 






27 


] A8 


A4[ 


8 






26 


] A9 


A3[ 


9 






25 


] A11 


A2[ 


10 






24 


]G 


Alt 


11 






23 


] A10 


A0[ 


12 






22 


]E 


DQ0[ 


13 






21 


] DQ7 






14 15 16 17 18 19 


20 





i- CM 

Q g 



(/) co £ in cp 
. cpOO . _ 
Q > Q Q Q Q 



O O 



PIN NOMENCLATURE 


A0-A16 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 


G 


Output Enable 


NC 


No Internal Connection 


v C c 


5-V Power Supply 


V P p 


12-V Power Supply 


v ss 


Ground 


w 


Write Enable 



NOTE: Refer to page 2 for the DD and DU pinouts. 



The TMS28F01 0B is a 1 04 8 576-bit, programmabie read-only memory that can be electrically bulk-erased and 
reprogrammed. It is available in 100000 and 10000 program/erase-endurance-cycle versions. 

The TMS28F010B Flash Memory is offered in a 32-lead plastic leaded chip-carrier package using 1,25-mm 
(50-mil) lead spacing (FM suffix), a 32-lead thin small-outline package (DD suffix), and a reverse pinout TSOP 
package (DU suffix). 
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DD PACKAGE 
(TOP VIEW) 




DU PACKAGE 
REVERSE PINOUT 
(TOP VIEW) 





1 V 


32 


ZIA11 


A10 C 


2 


31 


□ A9 


EC 


3 


30 


ZA8 


DQ7 C 


4 


29 


□ A13 


DQ6 C 


5 


28 


ZA14 


DQ5 Z 


6 


27 


Znc 


DQ4 Z 




26 


□ w 


DQ3 Z 


8 


25 


□ v cc 


VssLZ 


9 


24 


□ Vp P 


DQ2 Z 


10 


23 


□ A16 


DQ1 Z 


11 


22 


□ A15 


DQO Z 


12 


21 


□ A12 


AO Z 


13 


20 


ZA7 


A1 Z 


14 


19 


□ A6 


A2 [Z 


15 


18 


□ A5 


A3 Z 


16 


17 


□ A4 
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PEP4 Burn-In 

4 « 168-Hour Burn-In 
(blank If no burn-In) 



- Temperature Range Designator 

L m 0°C to 70°C 
E ■ -40°C to 85°C 
Q > -40°C to 125°C 



- Package Designator 

FM x Plastic Leaded Chip Carrier 
DD x Thin Small-Outline Package 
DU x Thin Small-Outline Package, 
Reverse Plnout 



• Program/Erase Endurance 
C5 = 100000 Cycles 
C4 x 10000 Cycles 



device symbol nomenclature 

TMS28F010B -12 C5 FM L 4 



Speed Designator 
-90 - 90 ns 
-10 = 100 ns 
-12 - 120 ns 
-15 = 150 ns 
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logic symbol t 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 



G 
W 



DQO 



DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



12 



10 

9 

8 

7 

6 

5 

27 

26 

23 

25 

4 

28 

29 

3 

2 



22 



24 



31 



13 



14 



15 



17 



18 



19 



20 



FLASH 
MEMORY 
131 072x8 



> A 



131 071 



1*. 
Q1 

[PWR DWN] 
G2 

1,2 EN (READ) 
1C3 (WRITE) 



A, 3D 
V4 



A,Z4~ 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FM package. 
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functional block diagram 



Vpp 

w 



E 

G 



A0-A16- 



State Control 



Program/Erase 
Stop Timor 



Command Register 



17 



Erase-Vbltage Switch 




Chip-Enable and 
Output-Enable 
Logic 



STB 



A 


Column Decoder 




Column Gating 






















t 
c 
h 


Row Decoder 


• 
• 
• 


1048576-Bit 
Array Matrix 
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Table 1. Operation Modes 



MODE 


FUNCTION t 


Vpp* 
(1) 


E 
(22) 


G 

(24) 


AO 
(12) 


A9 

(26) 


w 

(31) 


DQ0-DQ7 

/4 4 AgS Af f*A\ 

\13— IOi 17—21/ 


Read 


Read 


U nnl 


V IL 


V IL 


A 


A 


V IH 


USUa \JU\ 


Output Disable 


VPPL 


VlL 


V|H 


X 


X 


V|H 


Hi-Z 


Standby and Write Inhibit 


VppL 


V| H 


X 


X 


X 


X 


Hi-Z 


Algorithm-Selection Mode 


VppL 


V|L 


V|L 


V|L 


V|D 


V| H 


Mfr Equivalent Code 89h 


V, H 


Device Equivalent Code B4h 


Read/ 
Write 


Read 


VppH 


VlL 


V|L 


X 


X 


V|H 


Data Out 


Output Disable 


VpPH 


VlL 


V, H 


X 


X 


V| H 


Hi-Z 


Standby and Write Inhibit 


VppH 


V|H 


X 


X 


X 


X 


Hi-Z 


Write 


VpPH 


V|L 


V, H 


X 


X 


V|L 


Data In 



tXcan be V|LorVjH. 

* VPPL * V CC + 2 V; VppH is the programming voltage specified for the device. For more details, refer to the recommended operating conditions. 



operation 
read/output disable 

When the outputs of two or more TMS28F01 OBs are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F010B, a low-level signal is applied to the E and G pins. All other devices in the 
circuit should have their outputs disabled by applying a high-level signal to one of these pins. 

standby and write inhibit 

Active Ice current can be reduced from 30 mA to 1 mA by applying a high TTL level on E or to 1 00 uA with a 
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F01 OB draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 (pin 26) is forced to Vjd- Two identifier bytes are accessed by 
toggling AO. All other addresses must be held low. AO low selects the manufacturer equivalent code 89h, and 
AO high selects the device equivalent code B4h, as shown in the algorithm-selection mode table below: 



IDENTIFIERS 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


Manufacturer Equivalent Code 


VlL 


1 


0 


0 


0 


1 


0 


0 


1 


89 


Device Equivalent Code 


V|H 


1 


0 


1 


1 


0 


1 


0 


0 


B4 



§ E = G = V|L, A1 -A8 = V|L, A9 = V| D , A10-A16 = V||_, Vpp = Vpp L . 



programming and erasure 

In the erased state, all bits are at a logic 1 . Before erasing the device, all memory bits must be programmed to 
a logic 0. Afterwards, the entire chip is erased. At this point, the bits, now logic 1s, can be programmed 
accordingly. Refer to the Fastwrite and Fasterase algorithms for further detail. 
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command register 

The command register controls the program and erase functions of the TMS28F01 OB. The algorithm-selection 
mode can be activated using the command register in addition to the previously described method. When Vpp 
is high, the contents of the^ommand register and the function being performed can be changed. The command 
register is written to when E is low and W is pulsed low. The address is latched on the leading edge of the pulse, 
while the data is latched on the trailing edge. Accidental programming or erasure is minimized because two 
commands must be executed to invoke either operation. The command register is inhibited when Vqc is below 
the erase/write lockout voltage, Vlko • 

power supply considerations 

Each device should have a 0. 1 -\iF ceramic capacitor connected between Vqq and V$s to suppress circuit noise. 
Changes in current drain on Vpp require it to have a bypass capacitor as well. Printed-circuit traces for both 
power supplies should be appropriate to handle the current demand. 



Table 2. Command Definitions 



COMMAND 


REQUIRED 
BUS 
CYCLES 


FIRST BUS CYCLE 


SECOND BUS CYCLE 


OPERATIONt 


ADDRESS 


DATA 


OPERATIONt 


ADDRESS 


DATA 


Read 


1 


Write 


X 


OOh 


Read 


RA 


RD 


Algorithm-Selection Mode 


3 


Write 


X 


90h 


Read 


0000 
0001 


89h 
B4h 


Set-Up-Erase/ Erase 


2 


Write 


X 


20h 


Write 


X 


20h 


Erase Verify 


2 


Write 


EA 


AOh 


Read 


X 


EVD 


Set-Up-Program/Program 


2 


Write 


X 


40h 


Write 


PA 


PD 


Program Verify 


2 


Write 


X 


COh 


Read 


X 


PVD 


Reset 


2 


Write 


X 


FFh 


Write 


X 


FFh 



t Modes of operation are defined in Table 1 . 
Legend: 

EA Address of memory location to be read during erase verify 

RA Address of memory location to be read _ 

PA Address of memory location to be programmed. Address is latched on the falling edge of W 

RD Data read from location RA during the read operation 

EVD Data read from location EA during erase verify _ 

PD Data to be programmed at location PA Data is latched on the rising edge of W 

PVD Data read from location PA during program verify 
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command definitions 
read command 

Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are OOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection mode command 

The algorithm-selection mode is activated by writing 90h into the command register. The 
manufacturer-equivalent code (89h) is identified by the value read from address location OOOOh, and the 
device-equivalent code (B4h) is identified by the value read from address location 0001 h. 

set-up-erase/erase commands 

The erase-algorithm initiates with E = V|l, W = Vil, G = Vm, Vpp = VppH, and Vqc = 5 V. To enter the erase mode, 
write the set-up-erase command, 20h, into the command register. After the TMS28F01 OB is in the erase mode, 
writing a second erase command, 20h, into the command register invokes the erase operation. The erase 
operation begins on the rising edge of W and ends on the rising edge of the next W. The erase operation requires 
at least 9.5 ms to complete before the erase-verify command, AOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stop timer terminates the erase 
operation, the device enters an inactive state and remains inactive until a command is received. 

program-verify command 

The TMS28F01 OB can be programmed sequentially or randomly because it is programmed one byte at a time. 
Each byte must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed byte. To invoke the program-verify operation, COh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 

While verifying a byte, the TMS28F01 OB applies an internal margin voltage to the designated byte. If the true 
data and programmed data match, programming continues to the next designated byte location; otherwise, the 
byte must be reprogrammed. Figure 1 shows how commands and bus operations are combined for byte 
programming. 

erase-verify command 

All bytes must be verified following an erase operation. After the erase operation is complete, an erased byte 
can be verified by writing the erase-verify command, AOh, into the command register. This command causes 
the device to exit the erase mode on the rising edge of W. The address of the byte to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a command is written to the command 
register. 

To determine whether or not all the bytes have been erased, the TMS28F01 OB applies a margin voltage to each 
byte. If FFh is read from the byte, all bits in the designated byte have been erased. The erase-verify operation 
continues until all of the bytes have been verified. If FFh is not read from a byte, an additional erase operation 
needs to be executed. Figure 2 shows the combination of commands and bus operations for electrically erasing 
the TMS28F010B. 

set-up-program /program commands 

The programming algorithm initiates with E = V|l, W = Vil, G = V|h, Vpp = Vppn, and Vrjc = 5 V. To enter the 
programming mode, write the set-up-program command, 40h, into the command register. The programming 
operation is invoked by the next write-enable pulse._Addresses are latched internally on the falling edge of W, 
and_data is latched internally on the rising edge of W. The programming operation begins on the rising edge 
of W and ends on the rising edge of the next W pulse. The program operation requires 10 jis for completion 
before the program-verify command, COh, can be loaded. 
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set-up-program/program commands (continued) 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the device enters an inactive state and remains inactive until a command is received. 

reset command 

To reset the TMS28F010B after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write FFh into the command register two consecutive times. After executing 
the reset command, the device defaults to the read mode. 

Fastwrite algorithm 

The TMS28F010B is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This 
algorithm programs in a nominal time of two seconds. 

Fasterase algorithm 

The TMS28F01 OB is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in one second. 

parallel erasure 

To reduce total erase time, several devices can be erased in parallel. Since each Flash Memory can erase at 
a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again. All devices that complete 
erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving the E pin high, writing the read command 
(OOh) to the device when the others receive a set-up-erase or erase command, or disconnecting it from all 
electrical signals with relays or other types of switches. 
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C 



Start J 



Address = OOh 



VCC g 5V=fc10%.VpP g 12V±5% 



T 

Setup 



X«1 



Write Set-Up-Program Command 



Increment 
Address 

JL — 



Write Data 

31 



Walt ^10^8 | | XsX + 1 | 



Write Program-Verify Command I 



Walt =6 us 




r ReadXFall 
£and Verify} 
. Byte^ 



Pass 




No 




Write Read Command 



Interactive 
Mode 



Power 
Down 



| Apply VpplH I Apply 



VpplI 



^Device Passed) ^Device Failed^ — 



Bus 

wpo ration 


Command 


Comments 


Initialize 
Address 

Standby 




Walt for Vpp to ramp to 
* PPH \8«« raoie m/ 

Initialize pulse count 


Write 


Set-Up- 

Program 

Write 


Data = 40h 


Write 


Write Data 


Valid address/data 


Standby 




Walt = 10 us 


Write 


Program- 
Verify 


Data = COh; ends 
Program operation 


Standby 




Walts 6 us 


Read 




Read byte to verify 
Programming j compare 
output to expected output 








Write 


Read 


Data s 00h; resets register 
for read operations 


Standby 




Walt for Vpp to ramp to 
Vppl (see Note B) 



NOTES: A. Refer to the recommended operating conditions for the value of Vpph. 
B. Refer to the recommended operating conditions for the value of Vppi_. 

Figure 1. Programming Flowchart: Fastwrite Algorithm 
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| Apply V PPL | Power 
1 1 1 Down 



^Device Passed^ Q Device Failed^ — ^— 



Bus 
Operation 


Command 


Comments 






Entire memory must ■ OOh 
before erasure 

Use Fastwrlte 
programming algorithm 






Initialize addresses 


Standby 




Wait for Vpp to ramp to 
VppH(seeNoteA) 






Initialize pulse count 


Write 


Set-Up- 
Erase 


Data = 20h 


Write 


Erase 


uata = zun 


Standby 




Wait* 10 ms 


Write 


Erase 
Verify 


Addr s Byte to verify; 
Data ■ AOh; ends the erase 
operation 


Standby 




Wait ■ 6 [is 


Read 




Read byte to verify erasure; 
compare output to FFh 


Write 


Read 


Data = OOh; resets register 
for read operations 


Standby 




Wait for Vpp to ramp to 
VppL ( see Note B ) 



NOTES: A. Refer to the recommended operating conditions for the value of Vppn. 
B. Refer to the recommended operating conditions for the value of Vpp|_. 

Figure 2. Flash-Erase Flowchart: Fasterase Algorithm 
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Q Start ) 



Program All Devices to OOh | 



c 




Give Read 
Command to 
All Devices 



All Devices Pass 



c 



Finished With Errors 



t n = number of devices being erased. 

Figure 3. Parallel-Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1) -0.6 V to 7 V 

Supply voltage range, Vpp -0.6 V to 1 4 V 

Input voltage range (see Note 2): All Inputs except A9 -0.6 V to Vcc + 1 V 

A9 -0.6 V to 13.5 V 

Output voltage range (see Note 3) -0.6 V to Vcc + 1 V 

Operating free-air temperature range during read/erase/program, Ta 

L 0°Cto70°C 

E -40°Cto85°C 

Q -40°Cto125°C 

Storage temperature range, T stg -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to Vss- 

2. The voltage on any input pin can undershoot to -2 V for periods less than 20 ns. 

3. The voltage on any output pin can overshoot to 7 V for periods less than 20 ns. 



recommended operating conditions 





MIN 


TYP 


MAX 


UNIT 


vcc 


Supply voltage 


During write/read/flash erase 


4.5 


5 


5.5 


V 


Vpp 


Supply voltage 


During read only (VppiJ 


0 




Vcc + 2 


V 


During write/read/flash era 


se (Vp PH ) 




11.4 


1 2 


12.6 


V 


V|H 


High-level dc input voltage 




TTL 


2 




Vcc +0.5 


V 




CMOS 


Vcc -0.5 




Vcc +0.5 


V|L 


Low-level dc input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


GND-0.2 




GND+0.2 


V|D 


Voltage level on A9 for algorithm-selection mode 






11.5 




13 


V 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Vqh High-level output voltage 


\r\u = — 25 mA 


2.4 


V 


Inn = — 100 uA 


Vrr - 0.4 


Vol Low-level output voltage 


Iol = 5.8 mA 


0.45 


V 


Im = 1 00 uA 


0.1 


l|D A9 algorithm-selection-mode current 


A9 = V|d max 


200 


HA 


l| Input current (leakage) 


All except A9 


V| ss 0 V to 5.5 V 


±1 


MA 


A9 


V| as U V 10 lO V 


. onn 
± £\J\J 


lO Output current (leakage) 


Vo * 0 V to vcc 


±1U 


ma 


Ipp-j Vpp supply current (read /standby) 


VppsVppH, Read mode 


200 


HA 


V P p = VppL 


±10 


jiA 


lpp 2 Vpp supply current (during program pulse) (see Note 4) 


Vpp^VppH 


30 


mA 


Ipp3 Vpp supply current (during flash erase) (see Note 4) 


Vpp = VppH 


30 


mA 


. Vpp supply current (during program /erase-verify) 
,pP4 (see Note 4) 


Vpp = VppH 


5.0 


mA 


'CCS Vqc su PP , y current (standby) 


TTL-input level 


V C C - 5.5 V, E = V| H 


1 


mA 


CMOS-input level 


V CC s O'w v, c — VQ^Q 


100 


uA 


•CC1 V CC supply current (active read) 


Vcc = 5.5 V E = V|i, 

f = 6 MHz, loUT ■ 0 mA 


30 


mA 


'CC2 V CC average supply current (active write) (see Note 4) 


Vqc - 5.5 V, E = V|L, 
Programming in progress 


10 


mA 


'CC3 V CC average supply current (flash erase) (see Note 4) 


Vcc s 5.5 V, E = V|L, 
Erasure in progress 


15 


mA 


. Vqc average supply current (program /erase-verify) 
' CC4 (see Note 4) 


Vcc - 5.5 V, E = V|L, 
Vpp*VppH, 

Program /erase-verify in progress 


15 


mA 


v LKO V CC erase/write-lockout voltage 


Vpp = VppH 


2.5 


V 



NOTE 4: Not 1 00% tested; characterization data available. 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzt 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Cj Input capacitance 


V| = 0V, f=1MHz 


6 


PF 


C 0 Output capacitance 


Vq*0V, f = 1 MHz 


12 


PF 



t Capacitance measurements are made on sample basis only. 



7-38 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS28F010B 
1 048576-BIT FLASH MEMORY 

SMJS824A- MAY 1995 - REVISED JUNE 1995 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST 


ALTERNATE 


ZorOiOD-90 


'28F010B-10 


'28F010B-12 


'28F010B-15 


UNIT 


CONDITIONS 


SYMBOL 


MIN MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(A) 


Access time from 

address, 

A0-A16 




tAVQV 


90 


100 


\ 


120 


150 


ns 


ta(E) 


Access time from 
chip enable, E 




tELQV 


90 


100 


120 


150 


ns 


ten(G) 


Access time from 
output enable, G 




tGLQV 


35 


45 


50 


55 


ns 


tc(R) 


Cycle time, read 




tAVAV 


90 


100 


120 


150 


ns 


td(E) 


Delay time, E low 
to low-Z output 


CL=100pF, 


tELQX 


0 


0 


0 


0 


ns 


td(G) 


Delay time, G 
low to low-Z 
output 


1 Series 74 
TTL load, 
Input t r s 20 ns, 
Input tf * 20 ns 


tGLQX 


0 


0 


0 


0 


ns 


tdis(E) 


Chip disable time 
to Hi-Z output 


tEHQZ 


0 45 


0 


55 


0 


55 


0 


55 


ns 


tdis(G) 


Output disable 
time to Hi-Z 
output 




tGHQZ 


0 30 


0 


30 


0 


30 


0 


35 


ns 


th(D) 


Hold time, data 
valid from 
address, E or Gt 




tAXQX 


0 


0 


0 


o 


ns 


trec(W) 


Write recovery 
time before read 




*WHGL 


6 


6 


6 


6 


us 



t Whichever occurs first 
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timing requirements- write/erase/program operations 



PARAMETER 


ALTERNATE 


'28F010B-90 


'28F010B-10 


UNIT 


9TMDUL 


MIN nom max 


MIN NOM MAX 


tc(W) 


Cycle time, write using W 


tAVAV 


90 


100 


ns 


tc(W)PR 


Cycle time, programming operation 


tWHWHI 


10 


10 


us 


tc(W)ER 


Cycle time, erase operation 


tWHWH2 


9.5 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


40 


55 


ns 


th(E) 


Hold time, E 


tWHEH 


0 


0 


ns 


thfWHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


tsufA) 


Setup time, address 


tAVWL 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVWH 


40 


50 


ns 


tsu(E) 


Setup time, I before W 


tELWL 


15 


20 


ns 


tsu(VPPEU 


Setup time, Vpp to E going low 


Vpel 


1 


1 


|iS 


trec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


(iS 


trec(R) 


Recovery time, read before W 


tGHWL 


0 


0 


^ 


tw(W) 


Pulse duration, W (see Note 5) 


tWLWH 


40 


60 


ns 


tw(WH) 


Pulse duration, W high 


*WHWL 


20 


20 


ns 


tr(VPP) 


Rise time, Vpp 


Vppr 


1 


1 


jiS 


tf(VPP) 


Fall time, Vpp 


Vppf 


1 


1 


(AS 




PARAMETER 


alternate 


•28F010B-12 


'28F010B-15 


UNIT 


SYMBOL 


MIN NOM MAX 


MIN NOM MAX 


*c(W) 


Cycle time, write using W 


tAVAV 


120 


150 


ns 


tc(W)PR 


Cycle time, programming operation 


tWHWHI 


10 


10 


|1S 


tc(W)ER 


Cycle time, erase operation 


*WHWH2 


9.5 10 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


60 


60 


ns 


l h(E) 


Hold time, E 


tWHEH 


0 


0 


ns 


th(WHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


tsu(A) 


Setup time, address 


tAVWL 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVWH 


50 


50 


ns 


tsu(E) 


Setup time, E before W 


tELWL 


20 


20 


ns 


tsufVPPEL) 


Setup time, Vpp to E low 


VPEL 


1 


1 


V* 


l rec(W) 


Recovery time, W before read 


twHGL 


6 


6 


lis 


trec(R) 


Recovery time, read before W 


tGHWL 


0 


0 


us 


tw(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


tw(WH) 


Pulse duration, W high 


tWHWL 


20 


20 


ns 


tr(VPP) 


Rise time, Vpp 


VPPR 


1 


1 


(AS 


tf(VPP) 


Fall time, Vpp 


tVPPF 


1 


1 


us 



NOTE 5: Rise/fall time s 10 ns 
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timing requirements — alternative E-controlled writes 



PARAMETER 


ALTERNATE 


'28F010B-90 


'28F010B-10 


'28F010B-12 


'28F010B-15 


UNIT 


SYMBOL 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


km 


Cycle time, write using E 


tAVAV 


90 


100 


120 


150 


ns 


tc(E)PR 


Cycle time, programming 
operation 


tEHEH 


10 


10 


10 


10 


|AS 


l n(tA) 


Hold time, address 


tELAX 


45 


75 


80 


80 


ns 


th/pn\ 


Hold time, data 


tEHDX 


10 


10 


10 


10 


ns 


th(W) 


Hold time, W 


tEHWH 


0 


0 


0 


0 


ns 


*su(A) 


Setup time, address 


tAVEL 


0 


0 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVEH 


35 


50 


50 


50 


ns 


*su(W) 


Setup time, W before E 


tWLEL 


0 


0 


0 


0 


ns 


tsu(VPPEL) 


Setup time, Vpp to E low 


Vpel 


1 


1 


1 


1 


|iS 


Vec(E)R 


Recovery time, write using E 
before read 


tEHGL 


6 


6 


6 


6 


lis 


trec(E)W 


Recovery time, read before 
write using 1 


tGHEL 


0 


0 


0 


0 


us 


tw(E) 


Pulse duration, write using E 


tELEH 


45 


70 


70 


70 


ns 


tw(EH) 


Pulse duration, write, 1 high 


tEHEL 


20 


20 


20 


20 


ns 



PARAMETER MEASUREMENT INFORMATION 

2.08V 



Output 
Under Test' 



R L = 800fl 



C L «100pF 
(see Note A) 



NOTE A: Cl includes probe and fixture capacitance. 
Figure 4. AC Test Output Load Circuit 



AC testing Input/output waveforms 

2.4 V 



0.45 V 



zx 



2V 
0.8 V 



2V 
0.8 V 



X 



AC testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1 -uJF ceramic 
capacitor connected between Vqc and V$s as close as possible to the device pins. 
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A0-A16 



W 



DQ0-DQ7 • 



PARAMETER MEASUREMENT INFORMATION 



tc(R)- 



Address Valid 



ta(A)- 



■ trec(W) • 



^(E) 



-ta(E)- 



K 



-*! i 



■ ten(G) -»| 



"+l W-«d(G) 
M — ■ — M 



X 



if 



tdls(E)- 



H 

If 

I t(|| 8 (G) 



■ Hl-Z- 



I I ht— -n\u; ~n I 



Figure 5. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- 
and Program 
Standby Command 



Program 
Command 

Latch Program 
Address Verify 
and Data Programming Command 



A0-A16 



tc(W)4*- 




H *c(W) 

t«i(A)-l*— * | 
«h(A) K- 



— tc(W) 

-H kth(A) 
-4- ts U (A) 



Program Standby/ 
Verification Power Down 



-tc(R) 



tsu(E)U||4- [ ^j^ts^E) 

th(E) -H|*- | -*| k- th(E) 

y 71 — "*" 1 — I sv 



w 



*rec(R) -U k- 

I I 



I I 
-»t k-th(E) | 



tdis(E) 




' j* - J* tc(W)PR j 

Vi — VT- — VT" 



th(WHD)j t* 1 H- 
tw(W) -*l k- ' 



DQ0-DQ7 




j-p [^^(WHD) 

J*" *w(W) 
^ tsu(D) 



»-«rj. ^jj^j iik-h VKO)! 

\ Data In / t<j(E) -W N ' Valid Data-Out 



' -[j U- th(WHD)| I 



j*\ |#- «dls(G) 

V 



1 1 

-*l K-th(D) 
— Wn(Q) 



V CC 



5V 



Vpp 



ov 

V PPH 
VPPL 



"I 



Data In = 40h 



Data In = COh 



f a(E)l 



-M I Wild Data-Out 
-J 



K- tgu(VPPEL) 



I I 

-H k- tr(VPP) 



7v 



k- tf (vpp) 



Figure 6. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A16 



DQ0-DQ7 



v C c 



Vpp 



ov 



VpPH 



VPPL 



Power Up Set-Up- 
and Program 
Standby Command 



Program 
Command 

Latch Program 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 




tsu(W)-M|4- t 8U (W) 

th(W) -*| |4- j -*| k- t h(W ) 



T 



->| f»- W(E)W 



\* 

'w(EH) 



Mejpr 



J f 1 Meh; 



(♦t 8U(W )j 



H 

j*- *rec(E)R 



*h(ED) h" 
tw(E) M j*" j 

*8U(D) 

- Hl-Z ■ 



*h(ED) 



(D) -» |k- | *su(D) -*|]*-J tsu(D) -H^-J 

I \ Detain / 



tw(E) 



I | I 

j*" ^(ED) 

tw(E) -*| U- , 
tsu(D) -NW- 



5V 



U\ k- tdis(E) 
-*l|*4-*h(D) 



! I 



Data In = 40h 



Data In = COh 



td(E)-T*1 M 

t a (E)-f 



ten(G) 
td(G) | 



lid Data-Out 



|4 ►(— *su(VPPEL) 



I I 

-H ^-t r (vpp) 



-*| j*-*f(VPP) 



Figure 7. Wrlte-Cycle (Alternative E-Controlled Writes) Timing 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- Erase- 

and Erase Erase Verify Erase Standby/ 

Standby Command Command Erasing Command Verification Power Down 




Figure 8. Flash-Erase-Cycle Timing 
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• Organization . . . 64K x 16 Flash Memory 

• Pin Compatible With Existing 1 -Megabit 
EPROMs 

• All Inputs/Outputs TTL Compatible 

• V CC Tolerance ±10% 

• Maximum Access/Minimum Cycle Time 
'28F210-10 100 ns 
'28F210-12 120 ns 
'28F210-15 150 ns 
'28F210-17 170 ns 

• Industry-Standard Programming Algorithm 

• PEP4 Version Available With 1 68-Hour 
Burn-In and Choice of Operating 
Temperature Ranges 

• Chip Erase Before Reprogramming 

• 10000 and 1000 Program /Erase Cycles 

• Low Power Dissipation (Vcc = 5.5 V) 
-Active Write . . . 55 mW 

-Active Read ... 165 mW 
-Electrical Erase . . . 82.5 mW 
-Standby . . . 0.55 mW 
(CMOS-Input Levels) 

• Automotive Temperature Range 

-40°Cto125°C 

description 

The TMS28F210 is a 1048576-bit, program- 
mable read-only memory that can be electrically 
bulk erased and reprogrammed. it is available in 
1 0000 and 1 000 program/erase endurance cycle 
versions. 

The TMS28F210 flash memory is offered in a 
dual-in-line plastic package (N suffix) designed for 
insertion in mounting-hole rows on 15,2 mm 
(600-mil) center and a 44-lead plastic leaded-chip 
carrier package using 1,25 mm (50-mil) lead 
spacing (FN suffix). 

The TMS28F21 0 is characterized for operation in 
temperature ranges of 0°C to 70°C (NL and FNL 
suffixes), -40°C to 85°C (NE and FNE suffixes), 
and -40°C to 125°C (NQ and FNQ suffixes). All 
packages are offered with 168-hour burn-in 
(4 suffix). 



N PACKAGE 
(TOP VIEW) 




FN PACKAGE 
(TOP VIEW) 



co m 

nnnnnnn 



*8l 



DQ12[ 
DQ11 [ 
DQ10[ 
DQ9[ 
DQ8[ 

vssC 

NC[ 
DQ7[ 
DQ6[ 
DQ5[ 
DQ4[ 



6 5 4 3 2 



1 44 43 42 41 

o 



40 



18 19 20 21 22 23 24 25 26 27 28 



]A13 
]A12 
]A11 
]A10 
]A9 

]v S s 

]NC 
]A8 
]A7 
]A6 
]A5 



PIN NOMENCLATURE 


A0-A15 


Address Inputs 


DQ0-DQ15 


Inputs (programming) /Outputs 


E 


Chip Enable 


G 


Output Enable 


NC 


No internal Connection 


vcc 


5-V Power Supply 


vss 


Ground 


Vp P 


12-V Power Supply t 


w 


Program 



t Only in program mode 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texaa Instruments reserves the right to 
change or discontinue thee* products without notice. 
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device symbol nomenclature 



TMS28F210 



-12 C4 FN L 4 



PEP4 Burn-in 

4 ■ 168-Hour Burn-In 
(blank If no bum-In) 

Temperature Range Designator 
L * 0°C to 70°C 
E * -40°C to 85°C 
Q « -40°C to 125°C 

Package Designator 

N s Plastic Dual-ln-Une Package 
FN > Plastic Leaded Chip Carrier 



Program/Erase Endurance 
C4 m 10 000 Cycles 
C3 « 1 000 Cycles 



Speed Designator 
-10 » 100ns 
-12 * 120 ns 
-15 * 150 ns 
-17 * 170 ns 
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logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 



G 
W 



DQO 



DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 
DQ8 
DQ9 
DQ10 
DQ11 
DQ12 
DQ13 
DQ14 
DQ15 



21 


FLASH 
a \ EEPROM 


22 


IE S 


65536x16 
? A 0 


23 


24 


25 


26 


27 


28 


29 


31 


65535 


32 


33 


34 


35 


36 


37 


2 f IS 


G1 

[PWR DWN] 
G2 

1,2 EN (READ) 
1C3 (WRITE) 

4 ■ „ - ,„ r 


T 


20 is. 


39_h. 


T r> 


19- - ^ 


I 4 


A, 3D 

V4 A.Z4— 


18 ^ ^ 


17 ^ ^ 




16 4h 




15 


14 4 ^ 






13 ^ ^ 




12 




10 ZZ 






9 ^ 

8 








7 4h 

6 




5 ^ 






4 ^ 




3 ^ 



t This symbol is in accordance with ANSI /IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the N package. 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



7-49 



TMS28F210 

1 048576-BIT FLASH MEMORY 



SMJS210B - DECEMBER 1 992 - REVISED JUNE 1 995 



functional block diagram 



Vpp 



w 



E — •> 

G 



A0-A15 ' 



State Control 



Program /Erase 
Stop Timer 



Command Register 



Erase-Voltage Switch 



C 



16 



DQ0-DQ15 
16 



To Array 



Input / Output Buffers 

=7^ 



Program-Voltage 
Switch 



STB 



Chip-Enable and 
Output-Enable 
Logic 



STB. 



Data Latch 



A 


Column Decoder 




Row Decoder 


c 




h 





Column Gating 



1048576-Bit 
Array Matrix 
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Table 1. Operation Modes 



MODE 


FUNCTIONT 


N PACKAGE 


Vpp+ 


E 


G 


AO 


A9 


w 


DQ0-DQ15 


1 


2 


20 


21 


31 


39 


3-10, 12—19 


FN PACKAGE 


2 


3 


22 


24 


35 


43 


21—14, 11-4 


Read 


Read 


VppL 


V IL 


V IL 


v 

A 


v 

A 


V IH 


uata uui 


Output Disable 


VppL 


V|L 


V|H 


X 


X 


V|H 


Hi-Z 


Standby and Write Inhibit 


VPPL 


V|H 


X 


X 


X 


X 


Hi-Z 


Algorithm-Selection Mode 


VppL 


V|L 


V|L 


V|L 


V|D 


V| H 


Mfr Equivalent Code 0097h 


V|H 


Device Equivalent Code 00E5h 


Read/ 
Write 


Read 


VppH 


V|L 


V|L 


X 


X 


V|H 


Data Out 


Output Disable 


VpPH 


V|L 


V| H 


X 


X 


V| H 


Hi-Z 


Standby and Write inhibit 


VPPH 


V|H 


X 


X 


X 


X 


Hi-Z 


Write 


VpPH 


V|L 


V|H 


X 


X 


V|L 


Data In 



t X can be V||_ or V|h. 

* Vpp|_ < Vcc + 2 V; Vppn is the programming voltage specified for the device. For more details, see the recommended operating conditions. 



operation 

read /output disable 

When the outputs of two or more TMS28F210s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F21 0, a low-level signal is applied to the E and Q pins. All other devices in the circuit 
should have their outputs disabled by applying a high-level signal to one of these pins. 

standby and write inhibit 

Active Ice current can be reduced from 50 mA to 1 mA by applying a high TTL level on E or to 1 00 ^A with a 
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F21 0 draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 is forced to Viq. Two identifier bytes are accessed by toggling AO. 
All other addresses must be held low. AO low selects the manufacturer-equivalent code 0097h, and AO high 
selects the device-equivalent code 00E5h, as shown in the algorithm-selection mode table below: 



IDENTIFIER 11 


PINS§ 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


Manufacturer-Equivalent Code 


V|L 


1 


0 


0 


1 


0 


1 


1 


1 


0097 


Device-Equivalent Code 


V|H 


1 


1 


1 


0 


0 


1 


0 


1 


00E5 



) D8-D15 are not shown in the table because the upper 8 data bits read 0. 
* E = G - A1 -A8 = A10-A15 = V||_, Ag = V|D, Vpp = V PP |_ 



programming and erasure 

In the erased state, all bits are at a logic 1 . Before erasing the device, all memory bits must be programmed to 
a logic 0. Afterwards, the entire chip is erased. At this point, the bits, now logic 1s, can be programmed 
accordingly. Refer to the Fastwrite and Fasterase algorithms for further detail. 



J? Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 7-51 



TMS28F210 

1 048576-BIT FLASH MEMORY 



SMJS21 OB - DECEMBER 1 992 - REVISED JUNE 1995 



command register 

The command register controls the program and erase functions of the TMS28F210. The algorithm-selection 
mode can be activated using the command register in addition to the previously described method. When Vpp 
is high, the contents of the command register and the function being performed can be changed. The command 
register is written to when E is low and W is pulsed low. The address is latched on the leading edge of the pulse, 
while the data is latched on the trailing edge. Accidental programming or erasure is minimized because two 
commands must be executed to invoke either operation. 

power supply considerations 

Each device should have a 0. 1 -jxF ceramic capacitor connected between Vqq and V§s to suppress circuit noise. 
Changes in current drain on Vpp require it to have a bypass capacitor as well. Printed circuit traces for both 
power supplies should be appropriate to handle the current demand. 

Table 2. Command Definitions 



COMMAND 


REQUIRED 
BUS 
CYCLES 


FIRST BUS CYCLE 


SECOND BUS CYCLE 


OPERATIONt 


ADDRESS 


DATA 


OPERATIONt 


ADDRESS 


DATA 


Read 


1 


Write 


X 


OOOOh 


Read 


RA 


RD 


Algorithm-Selection Mode 


3 


Write 


X 


0090h 


Read 


0000 
0001 


0097h 
OOESh 


Set-Up-Erase/ Erase 


2 


Write 


X 


0020h 


Write 


X 


20h 


Erase Verify 


2 


Write 


EA 


OOAOh 


Read 


x 


EVD 


Set-Up-Program / Program 


2 


Write 


X 


0040h 


Write 


PA 


PD 


Program verify 


2 


Write 


X 


OOCOh 


Read 


X 


PVD 


Reset 


2 


Write 


X 


OOFFh 


Write 


X 


OOFFh 



t Modes of operation are defined in Table 1 . 
Legend: 

EA Address of memory location to be read during erase verify 

RA Address of memory location to be read _ 

PA Address of memory location to be programmed. Address is latched on the falling edge of W. 

RD Data read from location RA during the read operation 

EVD Data read from location EA during erase verify _ 

PD Data to be programmed at location PA. Data is latched on the rising edge of W. 

PVD Data read from location PA during program verify 
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command definitions 
read command 

Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOOOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are OOOOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection-mode command 

The algorithm-selection mode is activated by writing 0090h into the command register. The manufacturer 
equivalent code (0097h) is identified by the value read from address location OOOOh, and the device equivalent 
code (00E5h) is identified by the value read from address location 0001 h. 

set-up-program/program commands 

The programming algorithm initiates with E = V|l, W = V|l, G = V|h, Vpp = Vppn, and Vqc = 5 V. To enter the 
programming mode, write the set-up-program command, 0040h, into the command register. The programming 
operation is invoked by the next write-enable pulse._Addresses are latched internally on the falling edge of W, 
andjJata is latched internally on the rising edge of W. The programming operation begins on the rising edge 
of W and ends on the rising edge of the next W pulse. The program operation requires 10 ^s for completion 
before the program-verify command, OOCOh, can be loaded. ^ 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program LU 
operation, the device enters an inactive state and remains inactive until a valid program-verify, read, or reset 



command is received, 



While verifying a word, the TMS28F21 0 applies an internal margin voltage to the designated word. If the true 
data and programmed data match, programming continues to the next designated word location; otherwise, the 



programming. 

set-up-erase/erase commands 

The erase algorithm initiates with E=V|l,W=V|l,G=V|h, v PP = V PPH» and V CC = 5 V. To enter the erase mode, 
write the set-up-erase command, 0020h, into the command register. After the TMS28F21 0 is in the erase mode, 
writing a second erase command, 0020h, into the command register invokes the erase operation. The erase 
operation begins on the rising edge of W and ends on the rising edge of the next W. The erase operation requires 
10 ms to complete before the erase-verify command, OOAOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stop timer terminates the erase 
operation, the device enters an inactive state and remains inactive until a valid erase-verify, read, or reset 
command is received. 

erase-verify command 

All words must be verified following an erase operation. After the erase operation is complete, an erased word 
can be verified by writing the erase-verify command, OOAOh, into the command register. This command causes 
the device to exit theerase mode on the rising edge of W. The address of the word to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a valid command is written to the 
command register. 



UJ 



program-verify command DC 

The TMS28F21 0 can be programmed sequentially or randomly because it is programmed one word at a time. | 

Each word must be verified after it is programmed. The program-verify operation prepares the device to verify r" 

the most recently programmed word. To invoke the program-verify operation^OOPOh must be written into the O 
command register. The program-verify operation ends on the rising edge of W. 



o 
o 



word must be reprogrammed. Figure 1 shows how commands and bus operations are combined for word DC 
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erase-verify command (continued) 

To determine whether or not ail the words have been erased, the TMS28F21 0 applies a margin voltage to each 
word. If FFFFh is read from the word, all bits in the designated word have been erased. The erase-verify 
operation continues until all of the words have been verified. If FFFFh is not read from a word, an additional erase 
operation needs to be executed. Figure 2 shows the combination of commands and bus operations for 
electrically erasing the TMS28F210. 

reset command 

To reset the TMS28F210 after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write OOFFh into the command register two consecutive times. After 
executing the reset command, a valid command must be written into the command register to change to a new 
state. 

Fastwrite algorithm 

The TMS28F210 is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 1. This 
algorithm programs in a nominal time of two seconds. 

Fasterase algorithm 

The TMS28F21 0 is erased using the Texas Instruments Fasterase algorithm shown in Figure 2. The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in one second. 

parallel erasure 

To reduce total erase time, several devices can be erased in parallel. Since each Flash EEPROM can erase 
at a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again. All devices that complete 
erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving the E pin high, writing the read command 
(OOOOh) to the device when the others receive a set-up-erase or erase command, or disconnecting it from all 
electrical signals with relays or other types of switches. 
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c 



Start 



Address s OOh 



V C C»5V ±10%,Vpp«12V±5% 



Address 
_ 



T 

Setup 



X = 1 



Write Set-Up-Program 
Command 



Write Data 



Wait ^10 us 



1 1 X = X + 1 

— ¥ — 



Write Program-Verify Command | 



Wait = 6 pis 



No 



r Read\Fall 
f and Verify} 
w Word, 



Pass 




-K X = 25? 



No 




Write Read Command 



| Apply Vppl"1 I Apply 



Interactive 
Mode 



Power 
Down 



VPPL I 



^Device Passed) ^Device Failed^ — 



Bus 

Operation 


Command 


Comments 


Initialize 
Address 

Standby 




Walt for Vpp to ramp to 
VppH(see Note A) 

Initialize pulse count 


Write 


Set-Up- 
Prog ram 


Data»0040h 


Write 


Write Data 


Valid address /data 


Standby 




Walt -10 lis 


Write 


Program- 
Verify 


Data * OOCOh; ends 
program operation 


Standby 




Walt • 6 (is 


Read 




Read word to verify 
programming; compare 
output to expected output 








Write 


Read 


Data = OOOOh; resets 
register for read operations 


Standby 




Wait for Vpp to ramp to 
VppL (see Note B) 



NOTES: A. Refer to the recommended operating conditions for the value of Vppn- 
B. Refer to the recommended operating conditions for the value of Vppi_. 

Figure 1. Programming Flowchart: Fastwrite Algorithm 
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I Write Set-Up-Erase Command M- 

X 

| Write Erase Command | 



I Walt - 10 - I rx^xTTI 



I Write Erase-Verlfy Command 



Interactive 
Mode 




| Apply V PPL | Power 
■ Down 



^Device Passed) Q Device Failed^ — 



.L 



Bus 

Operation 


Command 


Comments 






Entire memory must * OOOOh 
before erasure 

Use Fastwrlte 
programming algorithm 






Initialize addresses 


Standby 




Walt for Vpp to ramp to 
VppH (see Note A) 




• 


Initialize pulse count 


Writ* 


Set-Up- 
Erase 


Data = 0020h 


Writ* 


Erase 


Data * 0020h 


Standby 




Walts 10 ms 


Write 


Erase 
Verify 


Addr s Word to verify; 

data ■ OOAOh; ends the erase 

operation 


Standby 




WaltsGiiS 


Read 




Read word to verify erasure; 
compare output to FFFFh 








Write 


Read 


Data = OOOOh; resets register 
for read operations 


Standby 




Walt for Vpp to ramp to 
VppL (see Note B) 



NOTES: A. Refer to the recommended operating conditions for the value of Vppn- 
B. Refer to the recommended operating conditions for the value of VppL. 

Figure 2. Flash-Erase Flowchart: Fasterase Algorithm 
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I Program All Devices to OOOOh "| 



X = 1 



Give Erase Command To All 
Devices 



| X=X+1 | 



Give Erase 
Command To 
All Unmasked 

Devices 





Give Read 
Command To 
All Devices 



Finished With Errors 



t n ■ number of devices being erased 

Figure 3. Parallel-Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1 ) . -0.6 V to 7 V 

Programming supply voltage range, Vpp -0.6 V to 1 4 V 

Input voltage range (see Note 2): All inputs except A9 -0.6 V to Vqc + 1 V 

A9 -0.6Vto13.5V 

Output voltage range (see Note 3) -0.6 V to Vqc + 1 V 

Operating free-air temperature range during read/erase/program, Ta 

NL.FNL 0°Cto70°C 

NE.FNE -40°Cto85°C 

NQ, FNQ -40°Cto125°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values are with respect to V$$. 

2. The voltage on any input can undershoot to -2 V for periods less than 20 ns. 

3. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 



recommended operating conditions 





MIN 


TYP 


MAX 


UNIT 


vcc 


Supply voltage 


During write/read/flash erase 


4.5 


5 


5.5 


V 


Vpp 


Programming supply voltage 


During read only (Vpp|_) 


0 




Vcc+2 


V 


During write/read/flash erase (Vpph) 


11.4 


12 


12.6 


V 


V|D 


Voltage level on A9 for algorithm-selection mode 




11.5 




13 


V 


V|H 


High-level dc input voltage 




TTL 


2 




Vcc+0.5 


V 




CMOS 


Vcc -0.5 




Vcc +0-5 


V|L 


Low-level dc input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


GND-0.2 




GND+0.2 








NL, FNL suffix 


0 




70 




T A 


Operating free-air temperature 




NE, FNE suffix 


-40 




85 


°C 








NQ, FNQ suffix 


-40 




125 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Voh High-level output voltage 


TTL 


•oh x - 2 - 5 mA 


2.4 


V 


CMOS 


Iqh = - 100 ^a 


Vcc -0.4 


Vol Low-level output voltage 


TTL 


Iql 88 5.8 mA 


0.45 


V 


CMOS 


IOL x 100 l*A 


0.1 


1 1 Input current (leakage) 


All except A9 


V| = 0Vto5.5V 


±1 




A9 


V| s 0 Vto 13 V 


±200 


lo Output current (leakage) 


Vo ■ 0 V to Vrr 


±10 


fjA 


I ID A9 algorithm-selection-mode current 


AQ = may 


TBD 


mA 


Ippi Vpp supply current (read /standby) 


Vpp * VppH. Read mode 


200 


HA 


Vpp = VppL 


±10 


|aA 


Ipp2 Vpp supply current (during program pulse) (see Note 4) 


Vpp.VppH 


50 


mA 


Ipp3 Vpp supply current (during flash erase) (see Note 4) 


Vpp = Vp P H 


50 


mA 


. Vpp supply current (during program /erase verify) 
,pP4 (see Note 4) 


\/nn — Vnnu 

vpp - vppH 


5.0 


mA 


ICCS Vcc supply current (standby) 


TTL-input level 


Vcc = 5.5V, E = V| H 


1 


mA 


CMOS-input level 


Vcc = 5.5 V, E ■ Vcc 


100 


l*A 


•CC1 V CC supply current (active read) 


Vcc* 5.5 V, E = V| L , 

f = 6MHz, Outputs open 


50 


mA 


•CC2 V CC average supply current (active write) (see Note 4) 


Vcc s 5.5 V, E = V| L , 
Programming in progress 


10 


mA 


ICC3 V CC average supply current (flash erase) (see Note 4) 


Vqc » 5.5 V, E = V|L, 
Erasure in progress 


15 


mA 


. Vqc average supply current (program /erase verify) 
CC4 (see Note 4) 


V C C - 5.5 V, E = V| L , 
VppsVppH, 

Program /erase verify in progress 


15 


mA 



NOTE 4: Not 100% tested; characterization data available 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzt 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


C| Input capacitance 


V| = 0V, f=1MHz 


6 


PF 


Cq Output capacitance 


Vq*0V, f=1MHz 


12 


PF 



t Capacitance measurements are made on sample basis only. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 







TEST 


ALTERNATE 


'28F210-10 


'28F210-12 


•28F210-15 


•28F210-17 


UNIT 






CONDITIONS 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(A) 


Access time 
from address 




tAVQV 


100 


120 


150 


170 


ns 


ta(E) 


Access time 
from E 




tELQV 


100 


120 


150 


170 


ns 


ta(G) 


Accass timn 

from G 




kaLQV 


45 


50 


55 


60 


ns 


MR) 


Cycle time, 
read 




tAVAV 


100 


120 


150 


170 


ns 


*d(E) 


Delay time, chip 

Ana hi a Inw tn 

low-Z output 


Cl = 100 pF, 


*ELQX 


0 


0 


0 


0 


ns 


td(G) 


Delay time, G 
low to low-Z 
ouipui 


1 Series 74 
TTL load, 
input t r s 20 ns, 
input tf * 20 ns 


tGLQX 


0 


0 


0 


0 


ns 


tdis(E) 


Chip disable to 
Hi-Z output 


tEHQZ 


0 


55 


0 


55 


0 


55 


0 


55 


ns 


tdis(G) 


Hoid time, 
output enable to 
Hi-Z output 




tGHQZ 


0 


30 


0 


30 


0 


35 


0 


35 


ns 


th(D) 


Hold time, data 
valid from 
address, E, or 
Gt 




tAXQX 


0 


0 


0 


0 


ns 


trec(W) 


Write recovery 
time before 
read 




tWHGL 


6 


6 


6 


6 


|1S 



t Whichever occurs first 
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timing requirements— write/erase/program operations 







ALTERNATE 


•28F210-10 


•28F210-12 


UNIT 






SYMBOL 


MIN NOM MAX 


MIN NOM MAX 


t/%AAA 


Cycle time, write using W 


tA\/A\/ 

VWnV 


100 


120 


ns 


IaAAADD 


Cycle time, programming operation 


t\A/l_l\A/l_H 

WVHWM 1 


10 


10 


US 


AAA CD 


Cycle time, erase operation 


l WnWr1Z 


9.5 10 


9.5 10 


ms 


*h(A) 


Hold tima addraos 

llwlvl III 1 |W| CIvJVhII OOu 


tyVLAX 


55 


60 


ns 


*h(E) 


Hold time E 

nuiu who, c_ 


tWHEH 


q 


o 


ns 


tu aaili r\\ 

l h(WHD) 


Hold time data valid after W hioh 

nuiu UIIIO, UCliO VCMIU Cll Iwl vy iiiuii 


*WHDX 


10 


10 


ns 


*su(A) 


Satun tinriA addraos 

UQlUp ill 1 IO| CIvIVIIwOO 


tAVWL 


o 


o 


ns 


*su(D) 


Satun tima data 

WwlUU 111 1 IO| UQICI 


l DVWH 


50 


50 


ns 


*su(E) 


Sati m tima P hafnra W 

WulUp III HO, C UOIUIO if 


*ELWL 


20 


20 


ns 


l 8U(cHVrr) 


Satun tima P_ hinh to Vod ramn 

^ulup ill 1 10, 1— 1 ll^l 1 Iw f wp IGIIII|^ 


*EHVP 


100 


100 


ns 


*su(VPPEL) 


Setup time, Vpp to E low 


tVPEL 


1 


1 


us 


trec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


US 


Vec(R) 


Recovery time, read before W 


tGHWL 


0 


0 


us 


*w(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


*w(WH) 


Pulse duration, W high 


tWHWL 


20 


20 


ns 


*r(VPP) 


Rise time, Vpp 


Vppr 


1 


1 


us 


tf(VPP) 


Fall time, Vpp 


VPPF 


1 


1 


us 








ALTERNATE 


'28F210-15 


'28F210-17 


UNIT 






SYMBOL 


MIN NOM MAX 


MIN NOM MAX 


km 


Cycle time, write using W 


tAVAV 


150 


170 


ns 


tc(W)PR 


Cycle time, programming operation 


tWHWHI 


10 


10 


us 


*c(W)ER 


Cycle time, erase operation 


*WHWH2 


9.5 10 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


60 


70 


ns 


to 


Hold time, I 


tWHEH 


0 


0 


ns 


*h(WHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


*su(A) 


Setup time, address 


tAVWL 


0 


0 


ns 


W(D) 


Setup time, data 


tDVWH 


50 


50 


ns 


tsu(E) 


Setup time, E before W 


t£LWL 


20 


20 


ns 


tsu(EHVPP) 


Setup time, E high to Vpp ramp 


tEHVP 


100 


100 


ns 


tsu(VPPEL) 


Setup time, Vpp to E low 


VPEL 


1 


1 


us 


Vec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


us 


trec(R) 


Recovery time, read before W 


tGHWL 


0 


0 


us 


*w(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


*w(WH) 


Pulse duration, W high 


tWHWL 


20 


20 


ns 


*r(VPP) 


Rise time, Vpp 


tVPPR 


1 


1 


us 


tf(VPP) 


Fall time, Vpp 


tvppF 


1 


1 


us 



NOTE 5: Rise/fall time * 1 0 ns. 
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timing requirements— alternative E-controlled writes 







Al TCDMATB 

ALIcrflMAIc 


'28F210-10 


'28F210-12 


'28F210-15 


'28F210-17 


UNIT 






SYMBOL 


MIM MAY 
mini IHMA 


MIM MAY 
mini MHA 


MIM MAY 
Mini m/>A. 


MIN MAY 
mini wima 


— ' — 

*c(W) 


isycio iiiiio, wrii© usiny c 


*AVAV 


\uu 








ns 


*c(E)PR 


Vsycie lime, programming 
operation 


tEHEH 


10 


10 


10 


10 


|AS 


th(EA) 


Hold time, address 


tELAX 


75 


80 


80 


90 


ns 


*h(ED) 


nolo nme, aaia 


*EHDX 


10 


1U 


1U 


1U 


ns 


th(W) 


Hold time, W 


tEHWH 


0 


o 


0 


0 


ns 


tsu(A) 


Setup time, address 


tAVEL 


0 


0 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVEH 


50 


50 


50 


50 


ns 


*su(W) 


Setup time, W before E 


tWLEL 


0 


0 


0 


0 


ns 


tsu(VPPEU 


Setup time, Vpp to E low 


Vpel 


1 


1 


1 


1 


lis 


Vec(E)R 


Recovery time, write using E 
before read 


tEHGL 


6 


6 


6 


6 


(AS 


trec(E)W 


Recovery time, read before 
write using E 


*GHEL 


0 


0 


0 


0 


|iS 


tw(E) 


Pulse duration, write using E 


tELEH 


70 


70 


70 


80 


ns 


tw(EH) 


Pulse duration, write, E high 


*EHEL 


20 


20 


20 


20 


ns 



PARAMETER MEASUREMENT INFORMATION 

2.08 V 

> RL = 800 Q 



Output 
Under Test ' 



CL = 100pF 
(see Note A) 



LOAD CIRCUIT 

NOTE A: Cl includes probe and fixture capacitance. 



2.4 V ■ 
0.45 V- 



\f 2v " 2v y 

Ar 0.8 V 0.8 V y\ 



VOLTAGE WAVEFORMS 



Figure 4. Load Circuit and Voltage Waveforms 

AC testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0.1 -nF ceramic 
capacitor connected between Vrjc and V§s as close as possible to the device pins. 
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PARAMETER MEASUREMENT INFORMATION 



A0-A15 



DQ0-DQ15 




MS— 



Figure 5. Read-Cycle Timing 



LU 

> 
HI 
QC 
£L 

H 
O 
D 
Q 
O 
CC 
Q. 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- 
and Program 
Standby Command 



Program 
Command 

Latch Program- 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 



A0-A15 




tsu(E)Uj|«- 



o 

I trec(R)-Wj 



i ■* — r 

I J*- |* > 'w(WH) ] [. 

V — — V 



th(E) 
(V- 




"H p-«h(E) 



tsu(D) 



^ — G3 GJ-*- — 

\ Data In / V 



Data In « 0040H 



Data In = OOCOh 



-w I Valid Data-Out 
t a (E)-j« -J 



-*| K-tsu(VPPEL) 



| ">] *v(VPP) 
-#J U- ts U (EHVPP) 



tf(VPP) 



7v 



Figure 6. Wrfte-Cycle Timing 
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A0-A15 



W 



DQO- 
DQ15 



vcc 



Vpp 



5 V 
OV 
12 V 



VPPL 



PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- 
and Program 
Standby Command 



Program 
Command 

Latch Program- 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 




tau(W) -*j K- 



*n(W) -H k- 



tsu(W) 
l| -*| N- th(W) 



-*| N- *rec(E)W 



■ *c(E)PR ■ 



-*l K ! h(W) 
—I fr— 



_|/ iWjW^ " \j 

th/n\ -t-W k- 



|*-W(E)R— 



thtD^t* 1 K- It* 1 l 4 "^ 0 ) 

«w(E) -H !*- ' k tw(E) 



1 U- 1 



^■"fi 7^ "—j- 

, \ Detain / td(E) -f*-| W ' 

' Dataln = 0040h Data In sQOCOh V _ r L J 

I *a(E) i« * 



+>j|4-t d | s(E) 
-* k+- th(D) 



td(G) | 

7$ — ^ 

« i Valid Data-Out 
*l 



-H- ^ufVPPEL) 



■v 



I -*J k-t r(V p P) 

-J |*- teu(EHVPP) 



tf(VPP) 



Figure 7. Write-Cycle (Alternative E-Controlled Writes) Timing 



UJ 

s 

Q. 

& 
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A0-A15 



W 



33 
O 
D 
C 

o 

H 
TJ 

u 
rn 
< 
m 



v cc 



5V 
OV 



Vpp 



12V 



VppL 



PARAMETER MEASUREMENT INFORMATION 



Power-Up Set-Up 
and Erase 
Standby Command 



Erase Standby/ 
Verification Power-Down 




*h(D) +H j«- 



■ ! 1 J I 4-J U- t n (D) 

t «u(P) 
Hl-Z 



\ Data In = 0020h / U (E \ -+#-! — — w I Valid Data-Out 
Dataln = 0020h Dataln-OOAOh Wb -k -*l 




1+1 k *<n* {G) 
-*| W *h(D) \- 



ten(G) 
td(G) 



-*j K- ts U (vppEL) 



I I 

-*j h" *r(VPP) 
I*- tsu(EHVPP) 



tf(VPP) ■ 



Figure 8. Flash-Erase-Cycle Timing 
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Organization . . . 256K x 8-Bits 

Pin Compatible With Existing 2-Megabit 
EPROMs 

V*cc Tolerance ±10% 
All Inputs/Outputs TTL Compatible 
Maximum Access/Minimum Cycle Time 
'28F020-10 100 ns 

'28F020-12 120 ns 

'28F020-15 150 ns 

'28F020-17 170 ns 

Industry-Standard Programming Algorithm 
PEP4 Version Available With 168-Hour 
Burn-In and Choice of Operating 
Temperature Ranges 
100000 and 10000 Program /Erase-Cycle 
Versions Available 

Latchup Immunity of 250 mA on All Input 
and Output Lines 

Low Power Dissipation (Vqc = 5.5 V) 

- Active Write . . . 55 mW 

- Active Read ... 165 m W 

- Electrical Erase . . . 82.5 mW 

- Standby ... 0.55 mW 

(CMOS-Input Levels) 

Automotive Temperature Range 
-40°Cto125°C 



description 



A7[ 
A6[6 
A5[ 
A4[8 
A3[ 
A2[ 
A1[ 
A0[ 
DQ0[ 



FM PACKAGE 
(TOP VIEW) 

m to (o Q- O 

nnnnnn 
4 3 2 1 32 31 



14 15 16 17 18 19 20 



29 


] 


A14 


28 


] 


A13 


27 


] 


A8 


26 


] 


A9 


25 


] 


A11 


24 


] 


S 


23 


] 


A10 


22 


] 


E 


21 


] 


DQ7 



J- VM COCO 



LO CO 



PIN NOMENCLATURE 


A0-A17 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 


G 


Output Enable 


vcc 


5-V Power Supply 


Vpp 


12-V Power Supply 


vss 


Ground 


w 


Write Enable 



The TMS28F020 flash memory is a 2097152-bit, programmable read-only memory that can be electrically 
bulk-erased and reprogrammed. It is available in 1 00000 and 1 0000 prog ram/erase-endurance-cycle versions. 

The TMS28F020 is offered in a 32-lead plastic leaded chip-carrier package using 1 ,25-mm (50-mil) lead spacing 
(FM suffix) and a 32-lead thin small-outline package (DD suffix). 



production data information la currant m of publication date. - Copyright © 1 995, Texas Instruments Incorporated 

Products conform to apeclflcatlone par the Urma of Texas Inatruments Wim 

standard warranty. Production proceaalng doaa not nacasaarlly Include ▼tfiP TrvAC 

tatting of all parameters. u W*.j LJ \c^ ■ 

Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 7-67 



TMS28F020 

2097152-BIT FLASH MEMORY 

SMJS020B - OCTOBER 1994 - REVISED JUNE 1995 



DD PACKAGE 
(TOP VIEW) 




device symbol nomenclature 

TMS28F020 -12 C5 FM L 



PEP4 Burn-In 

4 a 168 Hour Burn-In 
(blank If no burn-In) 

- Temperature Range Designator 
L » 0°C to 70°C 
E » -40°C to 85°C 
Q a -40°C to 125°C 



- Package Designator 

FM a Plastic Leaded Chip-Carrier 
DD a Thin Small-Outline Package 



- Program/Erase Endurance 
C5 a 100000 Cycles 
C4 a 10000 Cycles 



Speed Designator 
-10 > 100 ns 
-12 > 120 ns 
-15 a 150 ns 
-17 a 170 ns 
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logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 



12 



11 

JUL 
9 
8 
7 
6 
5 

27 

26 

23 

25 

4 

28 

29 

3 

2 

30 




DQO 



DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



13 



14 



15 



17 



18 



19 



20 



21 



FLASH 
MEMORY 
262144x8 



> A 



17 



262143 



G1 

[PWR DWN] 
G2 

1,2 EN (READ) 
1C3 (WRITE) 

3- 



A, 3D 
V4 



A.Z4- 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and IEC Publication 61 7-1 2. 
Pin numbers shown are for the FM package. 
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functional block diagram 



Vpp 

w 



E -t> 

G 



A0-A17- 



State Control 



Program/Erase 
Stop Timer 



Command Register 



18 




STB 





Column Decoder 




Column Gating 






















t 
c 
h 


Row Decoder 


• 
• 
• 


2097152-Bit 
Array Matrix 
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operation 

The operation of the TMS28F020 is fully summarized in Table 1 with required signal levels shown for each 
operation. The sections following the table describe operations in detail. 



Table 1. Operation Modes 







FUNCTIONt 




MODE 


Vpp* 
(1) 


E 
(22) 


G 

(24) 


AO 
(12) 


A9 

(26) 


w 

(31) 


DQ0-DQ7 
(13-15,17-21) 




Read 


VPPL 


V|L 


V|L 


X 


X 


V|H 


Data Out 




Output Disable 


VppL 


V|L 


V|H 


X 


X 


V|H 


Hi-Z 


Read 


§tandby and Write Inhibit 


VppL 


V|H 


X 


X 


X 


X 


Hi-Z 




Algorithm-Selection Mode 


VppL 


V|L 


VlL 


V|L 


V|D 


V|H 


Mfr-Equivalent Code 89h 




V|H 


Device-Equivalent Code BDh 




Read 


VppH 


V, L 


V|L 


X 


X 


V|H 


Data Out 


Read/ 


Output Disable 


VppH 


V|L 


V| H 


X 


X 


V|H 


Hi-Z 


Write 


Standby and Write Inhibit 


VppH ' 


V| H 


X 


X 


X 


X 


Hi-Z 




Write 


VPPH 


V|L 


V|H 


X 


X 


V|L 


Data In 



t X can be V|l or V|h- 

* Vppi_ s Vqq + 2 V; VppH is the programming voltage specified for the device. For more details, refer to the recommended operating conditions. 



read/output disable 

When the outputs of two or more TMS28F020s are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from the competing outputs of other devices. To 
read the output of the TMS28F020, a low-level signal is applied to E and G. All other devices in the circuit should 
have their outputs disabled by applying a high-level signal to one of these terminals. 

standby and write inhibit 

Active Ice current can be reduced from 30 mA to 1 mA by applying a high TTL level on E or to 1 00 [iA with a 
high CMOS level on E. In this mode, all outputs are in the high-impedance state. The TMS28F020 draws active 
current when it is deselected during programming, erasure, or program/erase verification. It continues to draw 
active current until the operation is terminated. 

algorithm-selection mode 

The algorithm-selection mode provides access to a binary code identifying the correct programming and erase 
algorithms. This mode is activated when A9 is forced to V|d- Two identifier bytes are accessed by toggling AO. 
All other addresses must be held low. AO low selects the manufacturer-equivalent code 89h, and AO high selects 
the device-equivalent code BDh, as shown in the algorithm-selection mode table below: 



IDENTIFIER^ 


TERMINALS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


Manufacturer-Equivalent Code 


V|L 


1 


0 


0 


0 


1 


0 


0 


1 


89 


Device-Equivalent Code 


V|H 


1 


0 


1 


1 


1 


1 


0 


1 


BD 



E * G * V|L, A1 -A8 = V|L, A9 = V|D, A10-A17 = V|b Vpp = V PPL . 



programming and erasure 

In the erased state, all bits are at a logic 1 . Before erasing the device, all memory bits must be programmed to 
a logic 0. Afterward, the entire chip is erased. At this point, the bits, now logic 1 s, can be programmed accordingly 
(refer to the Fastwrite and Fasterase algorithms for further detail). 
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command register 

The command register controls the program and erase functions of the TMS28F020. The algorithm-selection 
mode can be activated using the command register in addition to the method described in the 
algorithm-selection mode section. When Vpp is high, the contents of the cojmmand register and the function 
being performed can be changed. The command register is written to when E is low and W is pulsed low. The 
address is latched on the leading edge of the pulse and the data is latched on the trailing edge. Accidental 
programming or erasure is minimized because two commands must be executed to invoke either operation. 
The command register is inhibited when Vqc is below the erase/write lockout voltage, Vlko- 

power supply considerations 

Each device should have a 0. 1 -piF ceramic capacitor connected between Vqo and V§s to suppress circuit noise. 
Changes in current drain on Vpp require it to have a bypass capacitor to V$s as well. Printed-circuit traces for 
both power supplies should be appropriate to handle the current demand. 



Table 2. Command Definitions 



COMMAND 


REQUIRED 
BUS 
CYCLES 


FIRST BUS CYCLE 


SECOND BUS CYCLE 


OPERATIONt 


ADDRESS 


DATA 


OPERATIONt 


ADDRESS 


DATA 


Read 


1 


Write 


X 


OOh 


Read 


RA 


RD 


Algorithm-Selection Mode 


3 


Write 


X 


90h 


Read 


00000 
00001 


89h 
BDh 


Set-Up-Erase/Erase 


2 


Write 


X 


20h 


Write 


X 


20h 


Erase Verify 


2 


Write 


EA 


AOh 


Read 


X 


EVD 


Set-Up-Program/Program 


2 


Write 


X 


40h 


Write 


PA 


PD 


Program Verify 


2 


Write 


X 


COh 


Read 


X 


PVD 


Reset 


2 


Write 


X 


FFh 


Write 


X 


FFh 



t Modes of operation are defined in Table 1 . 



Legend: 

EA Address of memory location to be read during erase verify 

RA Address of memory location to be read _ 

PA Address of memory location to be programmed. Address is latched on the falling edge of W. 

RD Data read from location RA during the read operation 

EVD Data read from location EA during erase verify _ 

PD Data to be programmed at location PA. Data is latched on the rising edge of W. 

PVD Data read from location PA during program verify 
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command definitions 
read command 

Memory contents can be accessed while Vpp is high or low. When Vpp is high, writing OOh into the command 
register invokes the read operation. When the device is powered up, the default contents of the command 
register are OOh and the read operation is enabled. The read operation remains enabled until a different valid 
command is written to the command register. 

algorithm-selection-mode command 

The algorithm-selection mode is activated by writing 90h into the command register. The 
manufacturer-equivalent code (89h) is identified by the value read from address location OOOOOh, and the 
device-equivalent code (BDh) is identified by the value read from address location 00001 h. 

set-up-erase/erase commands 

The erase algorithm begins with E = V||_, W = Vjl, G = V|h, Vpp = Vppn, and Vqc = 5 V. To enter the erase mode, 
write the set-up-erase command, 20h, into the command register. Writing a second erase command, 20h, into 
the command register invokes theerase operation. The erase operation begins on the rising edge of W and ends 
on the rising edge of the next W. The erase operation requires 10 ms to complete before the erase-verify 
command, AOh, can be loaded. 

Maximum erase timing is controlled by the internal stop timer. When the stop timer terminates the erase 
operation, the device enters an inactive state and remains inactive until a command is received. 

erase-verify command 

All bytes must be verified following an erase operation. After the erase operation is complete, an erased byte 
can be verified by writing the erase-verify command, AOh, into the command register. This command causes 
the device to exit the erase mode on the rising edge of W. The address of the byte to be verified is latched on 
the falling edge of W. The erase-verify operation remains enabled until a command is written to the command 
register. 

To determine whether or not all the bytes have been erased, the TMS28F020 applies a margin voltage to each 
byte. If FFh is read from the byte, all bits in the designated byte have been erased. The erase-verify operation 
continues until all of the bytes have been verified. If FFh is not read from a byte, an additional erase operation 
must be executed. Figure 1 shows the combination of commands and bus operations for electrically erasing 
the TMS28F020. 

set-up-program/program commands 

The programming algorithm begins with E = V||_, W = V|l, G = Vm, Vpp = VppH, and Vcc = 5 V. To enter the 
programming mode, write the set-up-program command, 40h, into the command register. The programming 
operation is invoked by the next write-enable pulse._Addresses are latched internally on the falling edge of W, 
andjdata is latched internally on the rising edge of W. The programming operation begins on the rising edge 
of W and ends on the rising edge of the next W pulse. The program operation requires 10 \xs for completion 
before the program-verify command, COh, can be loaded. 

Maximum program timing is controlled by the internal stop timer. When the stop timer terminates the program 
operation, the device enters an inactive state and remains inactive until a command is received. 
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program-verify command 

The TMS28F020 can be programmed sequentially or randomly because it is programmed one byte at a time. 
Each byte must be verified after it is programmed. The program-verify operation prepares the device to verify 
the most recently programmed byte. To invoke the program-verify operation, COh must be written into the 
command register. The program-verify operation ends on the rising edge of W. 

While verifying a byte, the TMS28F020 applies an internal margin voltage to the designated byte. If the true data 
and programmed data match, programming continues to the next designated byte location; otherwise, the byte 
must be reprogrammed. Figure 2 shows how commands and bus operations are combined for byte 
programming. 

reset command 

To reset the TMS28F020 after set-up-erase command or set-up-program command operations without 
changing the contents in memory, write FFh into the command register two consecutive times. After executing 
the reset command, the device will default to the read mode. 

Fastwrite algorithm 

The TMS28F020 is programmed using the Texas Instruments Fastwrite algorithm shown in Figure 2. This 
algorithm programs in a nominal time of four seconds. 

Fasterase algorithm 

The TMS28F020 is erased using the Texas Instruments Fasterase algorithm shown in Figure 1 . The memory 
array needs to be completely programmed (using the Fastwrite algorithm) before erasure begins. Erasure 
typically occurs in two seconds. 

parallel erasure 

To reduce total erase time, several devices can be erased in parallel. Since each Flash memory can erase at 
a different rate, every device must be verified separately after each erase pulse. After a given device has been 
successfully erased, the erase command should not be issued to this device again for this erase cycle. All 
devices that complete erasure should be masked until the parallel erasure process is finished (see Figure 3). 

Examples of how to mask a device during parallel erase include driving E high, writing the read command (OOh) 
to the device when the others receive a set-up-erase or erase command, or disconnecting it from all electrical 
signals with relays or other types of switches. 
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Preprogram 



Program All 
Bytes to OOh 



VcC s 5V±10%,Vpp = 12V±5% 



X = 1 



Setup 



| Write Set-Up-Erase Command H ~ 
| Wrlte-Erase Command | 



wait = 10 m, l | xJx + i I 



Write Erase-Verlfy Command | 




Interactive 
Mode 



| Apply 'Vppl] Power 
Down 



Bus 
Operation 


Command 


Comments 






Entire memory must ■ OOh 
before erasure 

Use Fastwrite 
programming algorithm 






Initialize addresses 


Standby 




Walt for Vpp to ramp to 
VppH(see Note A) 






Initialize pulse count 


Write 


Set-Up- 
Erase 


Data - 20h 


Write 


Erase 


Data = 20h 


Standby 




Walts 10 ms 


Write 


Erase 
Verify 


Addr * Byte to verify; 
Data = AOh; ends the erase 
operation 


Standby 




Walt = 6 1*8 


Read 




Read byte to verify erasure; 
compare output to FFh 


Write 


Read 


Data ■ OOh; resets register 
for read operations 


Standby 




Wait for Vpp to ramp to 
VppL (see Note B) 



NOTES: A. Refer to the recommended operating conditions for the value of VppH . 
B. Refer to the recommended operating conditions for the value of Vpp|_ . 

Figure 1. Flash-Erase Flowchart: Fasterase Algorithm 
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C 



Start 



Address = OOh 



VCC = 5V ± 10%, Vpp = 12 V ±5% 



T 

Setup 



X = 1 



Write Set-Up-Program Command 



Increment 
Address 
— 



Write Data 



I Walt = 10 us | | X = X + 1 | 



Write Program-Verify Command | 



Wait =6 us 



No 



r ReadXFail 
^and Verify} 
v Byte 



Pass 




-K X = 25? 



No 




Yes 



Write Read Command 



Interactive 
Mode 



Power 
Down 



I Apply VpplH I Apply yppLl 



^Device Passed) Q Device Failed^ — 



Bus 
Operation 


Command 


Comments 


Initialize 
Address 

Standby 




Walt for Vpp to ramp to 
Vddh (see Note A) 

Initialize pulse count 


Write 


Set-Up- 

Program 

Write 


Data = 40h 


Write 


Write Data 


Valid address/data 


Standby 




Walt = 10 |is 


Write 


Program 
Verify 


Data ■ COh; ends 
Program operation 


Standby 




Walt = 6 us 


Read 




Read byte to verify 
Programming; compare 
output to expected output 








Write 


Read 


Data = OOh; resets register 
for read operations 


Standby 




Wait for Vpp to ramp to 
VppL (see Note B) 



NOTES: A. Refer to the recommended operating conditions for the value of Vppn • 
B. Refer to the recommended operating conditions for the value of Vpp|_ . 

Figure 2. Programming Flowchart: Fastwrite Algorithm 
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CjEZ) 



| Program All Devices to OOh | 



r 



X = 1 



Give Erase Command to All 
Devices 



D = 1 



| Mask Device #D 




D = D+1 



c 





X+1 I 




r— J 


Give Erase 
Command to 
All Unmasked 
Devices 




No 




All Devices Pass 



o 



Finished With Errors 



t n = number of devices being erased. 

Figure 3. Parallel-Erase Flow Diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1) . -0.6 V to 7 V 

Supply voltage range, Vpp -0.6 V to 1 4 V 

Input voltage range (see Note 2): All inputs except A9 -0.6 V to Vcc + 1 V 

A9 -0.6Vto13.5V 

Output voltage range (see Note 3) .... -0.6 V to Vqc + 1 V 

Operating free-air temperature range during read/erase/program, T>\: 

L 0°C to70°C 

E -40°Cto85°C 

Q -40°Cto125°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . All voltage values are with respect to V$$. 

2. The voltage on any input can undershoot to -2 V for periods less than 20 ns. 

3. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 



recommended operating conditions 





MIN 


TYP 


MAX 


UNIT 


vcc 


Supply voltage 


During write/read/flash erase 


4.5 


5 


5.5 


V 


Vpp 


Supply voltage 


During read only (Vpp|_) 


0 




V C C + 2 


V 


During write/read/flash erase (Vpph) 


11.4 


12 


12.6 


V 


V|H 


High-level dc input voltage 


TTL inputs 


2 




Vcc + 0.5 


V 


CMOS inputs 


Vcc -0.5 




Vcc + 0-5 


V|L 


Low-level dc input voltage 


TTL inputs 


-0.5 




0.8 


V 


CMOS inputs 


GND-0.2 




GND + 0.2 


V|D 


Voltage level on A9 for algorithm-selection mode 




11.5 




13 


V 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TPQT CONDITIONS 
1 co I wnui i iviiw 


MIN MAY 
mini hima 


UNIT 


Voh High-level output voltage 




2.4 


V 


i^ij — _ 1 nn it a 
'OH - - iwu fiA 


VQQ — 


Vol Low-level output voltage 


l^^i — K Q m A 
IQL — O.O IllM 




V 


IQL — I UU \JLt\ 


0 1 


I ID A9 algorithm-selection-mode current 


A9 = V|D max 


200 




l| Input current (leakage) 


All except A9 


V| = 0 V to 5.5 V 


±1 




A9 


V| = 0 V to 1 3 V 


±200 


lO Output current (leakage) 


Vq = 0 V to Vcc 


±10 


jiA 


Ippi Vpp supply current (read/standby) 


Vpp = VppH. Read mode 


200 


ma 


Vpp = VppL 


±10 


HA 


Ipp2 Vpp supply current (during program pulse) (see Note 4) 


Vpp = VppH 


30 


mA 


lpP3 Vpp supply current (during flash erase) (see Note 4) 


Vpp = VppH 


30 


mA 


, Vpp supply current (during program/erase verify) 
'PP4 (see Note 4) 


Vpp = VppH 


5 


mA 


•CCS v cc supply current (standby) 


TTL-input level 


V C C ■ 5.5 V, E = V| H 


1 


mA 


CMOS-input level 


Vcc = 5 5 V, t = VCC 


100 


..A 

JiA 


'CC1 f v cc supply current (active read) 


V^^n -eew P - Vii 
V CC 0,0 v » c V IL» 

f = 6MHz, loUT 580 ^ 


30 


mA 


ICC2 v cc average supply current (active write) (see Note 4) 


V C C - 5.5 V, E = V| Ll 
Programming in progress 


10 


mA 


'CC3 Vcc average supply current (flash erase) (see Note 4) 


Vcc - 5 5 V, E = V|l, 
Erasure in progress 


15 


mA 


, Vcc average supply current (program/erase verify) 
'CC4 ( see Note 4 ) 


Vcc - 5.5 V, E = V| L , 
Vpp-VppH, 

Program/erase verify in progress 


15 


mA 


VlKO v cc erase /write lockout voltage 


Vpp^VppH 


2.5 


V 



NOTE 4: Not 1 00% tested; characterization data available. 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHzt 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Cj Input capacitance 


V|=0V 


6 


PF 


C 0 Output capacitance 


V O = 0V 


12 


PF 



t Capacitance measurements are made on sample basis only. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST 


ALTERNATE 


'28F020-10 


'28F020-12 


'28F020-15 


'28F020-17 


UNIT 


CONDITIONS 


SYMBOL 


MIN MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ta(A) 


Access time from 
address, A0-A1 7 




l AVQV 


100 


120 


150 


170 


ns 


ta(E) 


ArcA^s timA from 

chip enable, E 




tELQV 


100 


120 


150 


170 


ns 


ten(G) 


Access time from 
output enable, G 




tGLQV 


AK. 


50 


55 


60 


ns 


tc(R) 


Cycle time, read 




tAVAV 


100 


120 


150 


170 


ns 


*d(E) 


Delay time, E 
going low to 
low-impedance 
output 




t£LQX 


0 


0 


0 


0 


ns 


td(G) 


Delay time, G 
going low to 
low-impedance 
output 


Cl«100 pF, 
1 Series 74 
TTL load, 
Input t r s 20 ns, 
Input tf as 20 ns 


tGLQX 


0 


0 


0 


0 


ns 


tdis(E) 


Chip disable time 
to high-impedance 
output 


*EHQZ 


0 55 


0 


55 


0 


55 


0 


55 


ns 


*dis(G) 


Output disable 
time to 

high-impedance 
output 




tGHQZ 


0 30 


0 


30 


0 


35 


0 


35 


ns 


th(D) 


Hold time, data 
valid from 
address, E or Gt 




tAXQX 


0 


0 


0 


0 


ns 


*rec(W) 


Write recovery 
time before read 




tWHGL 


6 


6 


6 


6 


l*s 



t Whichever occurs first 
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timing requirements-write/erase/program operations 







ALTERNATE 


'oocnon 4 ft 


■OOCAOA 44 

ZorOZO-IZ 


UNIT 






SYMBOL 


MIN NOM MAX 


MIN NOM MAX 


*c(W) 


Cycle time, write using W 


tAVAV 


100 


120 


ns 


tc(W)PR 


Cycle time, programming operation 


tWHWHI 


10 


10 


us 


<c(W)ER 


Cycle time, erase operation 


*WHWH2 


9.5 10 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


55 


60 


ns 


th(E) 


Hold time, E 


tWHEH 


0 


0 


ns 


th(WHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


tsu(A) 


Setup time, address 


tAVWL 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVWH 


50 


50 


ns 


tsu(E) 


Setup time, E before W 


tELWL 


20 


20 


ns 


tsu(VPPEL) 


Setup time, Vpp to E going low 


Vpel 


1 


1 


us 


trec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


us 


trec(R) 


Recovery time, read before W 


tQHWL 


0 


0 


us 


tw(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


*w(WH) 


Pulse duration, W high 


tWHWL 


20 


20 


ns 


tr(VPP) 


Rise time, Vpp 


Vppr 


1 


1 


us 


tf(VPP) 


Fall time, Vpp 


tVPPF 


1 


1 


us 








ALTERNATE 


'28F020-15 


•28F020-17 


UNIT 






SYMBOL 


MIN NOM MAX 


MIN NOM MAX 


kON) 


Cycle time, write using W 


tAVAV 


150 


170 


ns 


tc(W)PR 


Cycle time, programming operation 


tWHWHI 


10 


10 


us 


tc(W)ER 


Cycle time, erase operation 


tWHWH2 


9.5 10 


9.5 10 


ms 


th(A) 


Hold time, address 


tWLAX 


60 


70 


ns 


th(E) 


Hold time, E 


tWHEH 


0 


0 


ns 


*h(WHD) 


Hold time, data valid after W high 


tWHDX 


10 


10 


ns 


tsu(A) 


Setup time, address 


tAVWL 


0 


0 


ns 


*su(D) 


Setup time, data 


tDVWH 


50 


50 


ns 


tsu(E) 


Setup time, E before W 


tELWL 


20 


20 


ns 


tsufVPPEL) 


Setup time, Vpp to E going low 


VPEL 


1 


1 


us 


trec(W) 


Recovery time, W before read 


tWHGL 


6 


6 


US 


trec(R) 


Recovery time, read before W 


tGHWL 


0 


0 


us 


*w(W) 


Pulse duration, W (see Note 5) 


tWLWH 


60 


60 


ns 


tw(WH) 


Pulse duration, W high 


tWHWL 


20 


20 


ns 


tr(VPP) 


Rise time, Vpp 


VPPR 


1 


1 


us 


tf(VPP) 


Fall time, Vpp 


VPPF 


1 


1 


US 



NOTE 5: Rise/fall times 10 ns 
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timing requirements— alternative E-controlled writes 







ALTERNATE 


'28F020-10 


'28F020-12 


'28F020-15 


'28F020-17 


UNIT 






SYMBOL 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


tc(W) 


Cycle time, write using E 


tAVAV 


100 


120 


150 


170 


ns 


tc(E)PR 


Cycle time, programming 
operation 


t£HEH 


10 


10 


10 


10 


jiS 


th(EA) 


Hold time, address 


tELAX 


75 


80 


80 


90 


ns 


th(ED) 


Hold time, data 


tEHDX 


10 


10 


10 


10 


ns 


th(W) 


Hold time, W 


tEHWH 


0 


0 


0 


0 


ns 


*su(A) 


Setup time, address 


tAVEL 


0 


0 


0 


0 


ns 


tsu(D) 


Setup time, data 


tDVEH 


50 


50 


50 


50 


ns 


*su(W) 


Setup time, W before E 


tWLEL 


o 


0 


0 


0 


ns 


tsu(VPPEL) 


Setup time, Vpp to E low 


tVPEL 


1 


1 


1 


1 


JIS 


trec(E)R 


Recovery time, write using E 
before read 


tEHGL 


6 


6 


6 


6 


JiS 


trec(E)W 


Recovery time, read before 
write using E 


tGHEL 


0 


0 


0 


0 


|4S 


W(E) 


Pulse duration, write using E 


*ELEH 


70 


70 


70 


80 


ns 


tw(EH) 


Pulse duration, write, E high 


tEHEL 


20 


20 


20 


20 


ns 



PARAMETER MEASUREMENT INFORMATION 

2.08 V 



Output 
Under Test " 



R L = 800fi 



C L = 100pF 
(see Note A) 



NOTE A: C|_ includes probe and fixture capacitance. 
LOAD CIRCUIT 



2.4 V— v/r 
0.45 V— /V 



2V 
0.8 V 



Lsvyv 



VOLTAGE WAVEFORMS 



The ac testing inputs are driven at 2.4 V for logic high and 0.45 V for logic low. Timing measurements are made 
at 2 V for logic high and 0.8 V for logic low on both inputs and outputs. Each device should have a 0. 1 -\xf ceramic 
capacitor connected between Vcc and V$s as close as possible to the device terminals. 

Figure 4. Load Circuit and Voltage Waveforms 
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A0-A17 



W 



DQ0-DQ7- 



PARAMETER MEASUREMENT INFORMATION 

h tc(R) »| 



X 



Address Valid 



-ta(A)- 



■ *rec(W) " 



td(E) 



< ME) >| 



- t«n(G) -*| 



4 »l 



td(G) 



x 



| N td| 8 ( E ) II 



! i 



tdis(G) ►! 

th(D) -*| 



• Hl-Z - 



, | 'il\U) n I 



Figure 5. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Sot-Up- 
and Program 
Standby Command 



Program- 
Command 

Latch Program- 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 



A0-A17 



tc(W)-W- 



N tc(W) 

tsu(A) -h *i j 

th(A) -+J H- 



— fm ffit 

j« «c(W) *| N tc (R ) |+| 



«c(W) 
*su(A) 



^su(E)f*ll- 



-►j k- tsu(E) 



I t h(E) I -*| k- t h(E) 



^3 



trec(R) h- j* 



*w(WH) 



- *c(W)PR " 



• W(W) {-►| 



th(WHD)'-t^ k- jj* 1 [«- «h(WHD) | | I 

* - » • — t8 U (D) ' 



DQ0-DQ7 



*su(D) HHk- I -»|h- *su(D) ts U (D) HHk-j 

h, - 2 H5-H^ — --)Zr^ v 

\ Data In / t, 



v cc 



5V 
OV 



--H k- *dls(G) 

-H K- *h(D) 
« »j ten(G) 



k H «d(G) 

I 



I 



Data In = 40h 



Data In xCOh 



td(E)-W4- 
ta(E)-^ 



J 1 



Valid Data-Out 



Vpp 



VpPH 



VPPL- 



K- t 8U (VPPEL) 

J 



-H |«- *r(VPP) 



tf(VPP) 



TV 



Figure 6. Wrlte-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Set-Up- 
and Program 
Standby Command 



Program- 
Command 

Latch Program- 
Address Verify 
and Data Programming Command 



Program Standby/ 
Verification Power Down 



A0-A17 



t»u(A) 4» »l , 

'h(EA) -*J K" 



te(W) 
-H I*- 'h(EA) 




*su(A) 



/* 



l*t, u(w) 

-H |*«h(W) 
— I «— 



]*j j*- »dte(G) 



4|V W(E)W I* 'cOPB-j »| , 

h ► meh> i r* -,, * c ( E ) n — *] 

j — vTv~~ — Vrf~"N 

^ ' U ^ ilJ u.t., c ™ ill i ii 



DQ0-DQ7 



ME) -I j- I -J j*. me) ME) jv| j j^-H td(G) 

»su(D) "*fc_J *8u(D) -*fcJ ^-hWj | Ii 

j \ Data In / td( E ) W I Vall< 

j Dataln=:40h Dataln = COh C(E) |« » 1 



V C C 



5V 



Vpp 



OV 



VppH 



hK^-t h( D) V " 



ten(G) 
td(G) 



Valid Data-Out 



tsu(VPPEL) 



VPPL 



I I 

-*| |^-*r(VPP) 



■ »f(VPP) 



Figure 7. Wrlte-Cycle (Alternative E-Controlled Writes) Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A17 



W 



DQ0-DQ7 



vcc 



5V 
OV 



VppH 
Vpp 

Vpp L 



Power Up Set-Up- 
and Erase 
Standby Command 



Erase- 

Erase Verify 
Command Erasing Command 



tc(W)-^- 



tsu(E) "W 



K 



Erase Standby/ 
Verification Power Down 



*c(W) 



f *c(W) ~" * W— 
| W-t h(A ) 

'« N *»u(A) „ 



i r ! 

I t h (E) -HE- 



trecfRJ^j*- ] 

1 ! iL 

*h(WHD) -+*\ j*" 

twOAO -*i V 
tsu(D) 

y— HI 



\ |«- t 8u(E ) 
I -*l r ! h(E) 



K tsu(E) 1 



*w(WH) 



tc(E)EB 



-1 I* ^(E) 
— 1 tt — 



t r ec(W) 



-H*l>u(B t 8U( D) 



su(D) -HU- tsu( D ) t 8U (D) 1 

! \ Dataln = 20h / 




-Ml*- tc^E) 



M j*- «h(D) 
ten(G) 



v 



-CH — u 



Data In = 20h 



Data In = AOh 



*a<E)^+- 



-*i \ Mild Data-Out 



-*| K-tgu(VPPEL) 



-*| K" t r (vPP) 



tf (VPP) ■ 



Figure 8. Flash-Erase-Cycle Timing 
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Organization 

- Two 8K-Byte Parameter Blocks 

- One 96K-Byte Main Block 

- One 128K-Byte Main Block 

- One 16K-Byte Protected Boot Block 

- Top or Bottom Boot Locations 

All Inputs/Outputs TTL Compatible 
Maximum Access/ Minimum Cycle Time 



V cc ± 5% 
'28F200BZ-6-X 



V C c ±10% 



60 ns 
70 ns 
80 ns 
90 ns 



'28F200BZ-70-X 
'28F200BZ-80-X 
'28F200BZ-90-X 

• 100000 and 10000 Program /Erase Cycle 
Versions 

• Three Temperature Ranges 

- Commercial . . . 0°C to 70°C 

- Extended ... - 40°C to 85°C 

- Automotive ... - 40°C to 125°C 

• Low Power Dissipation (V cc = 5.5 V) 

- Active Write ... 330 mW (Byte Write) 

- Active Read . . . 330 mW (Byte Read) 

- Active Write ... 358 mW (Word Write) 

- Active Read ... 330 mW (Word Read) 

- Block Erase ... 165 mW 

- Standby . . . 0.55 mW (CMOS-Input 
Levels) 

- Deep Power-Down Mode . . . 0.0066 mW 

• Fully Automated On-Chip Erase and 
Word/Byte Program Operations 

• Write Protection for Boot Block 

• Command State Machine (CSM) 

- Erase Suspend/Resume 

- Algorithm-Selection Identifier 

description 



DBJ PACKAGE 
(TOP VIEW) 



Vppt 


1 


44 1 


NCI 


2 


43 1 


NC C 


3 


42 ) 


A7I 


4 


41 ) 


A6I 


5 


40 ) 


A5 C 


6 


39 ) 


A4C 


7 


38 ) 


A3C 


8 


37 1 


A2I 


9 


36 ) 


A1 I 


10 


35 ) 


AO t 


11 


34 ) 


EC 


12 


33 ] 


V SS 1 


13 


32 ] 




14 


31 I 


DQ0I 


15 


30 1 


DQ8( 


16 


29 1 


DQ1 £ 


17 


28 I 


DQ91 


18 


27 1 


DQ2( 


19 


26 1 


DQ10 t 


20 


25 1 


DQ3C 


21 


24 1 


DQ11 ■[ 


22 


23 I 



RP 

W 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

BYTE 

V S S 

DQ15/A_i 

DQ7 

DQ14 

DQ6 

DQ13 

DQ5 

DQ12 

DQ4 

V C C 



PIN NOMENCLATURE 



A0-A16 Address Inputs 

BYTE Byte Enable 

DQ0-DQ14 Data In/Out 

DQ1 5/A _i Data In /Out (word-wide motJe), 

Low-Order Address (byte-wide mode) 

DU Do Not Use 

E Chip Enable 

G Output Enable 

NC No Internal Connection 

RP Reset/ Deep Power-Down 

Vcc 5 " v Power Supply 

Vpp 1 2-V Power Supply for Program / Erase 

Vss Ground 

W Write Enable 



The TMS28F200BZx is a 2097152-bit, boot-block flash memory that can be electrically block erased and 
reprogrammed. The TMS28F200BZx is organized in a blocked architecture consisting of one 16K-byte 
protected boot block, two 8K-byte parameter blocks, one 96K-byte main block, and one 128K-byte main block. 
The device can be ordered with either a top or bottom boot-block configuration. Operation as a 256K-byte (8-bit) 
or a 128K-word (16-bit) organization is user-definable. 

Embedded program and block-erase functions are fully automated by an on-chip write state machine (WSM), 
simplifying these operations and relieving the system microcontroller of these secondary tasks. WSM status 
can be monitored by an on-chip status register to determine progress of program/erase tasks. The device 
features user-selectable block erasure. 
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description (continued) 

The TMS28F200BZx flash memory is offered in a 44-pin PSOP and a 56-pin TSOP package. It is available in 
three temperature ranges: 0°C to 70°C, - 40°C to 85°C, and - 40°C to 1 25°C. 

DBR PACKAGE 
(TOP VIEW) 



device symbol nomenclature 

TMS28F200BZT 8 C DBJ L 



- Temperature Range Designator 
L « 0°C to 70°C 
E = -40°C to 85°C 
Q • -40°C to 125°C 



NCczz 


1 O 


56 


zzzi NC 


NCczz 


2 


55 


zzzj A16 


A15 czz 


3 


54 


I BYTE 


A14 czz 


4 


53 


=i v ss 


A13czz 


5 


52 


ZZZI DQ15/A_i 


A12czz 


6 


51 


ZZD DQ7 


A11 1 — 


7 


50 


zzzi DQ14 


A10 czz 


8 


49 


zzzi DQ6 


A9czzz 


9 


48 


zzzj DQ13 


A8i 


10 


47 


zzzi DQ5 


NC I 


11 


46 


zzz DQ12 


NC l 


12 


45 


I DQ4 


Wi — 


13 


44 


=3 V C c 


RPczz 


14 


43 


=■ Vcc 


NCczz 


15 


42 


ZZZ3 DQ11 


NCczz 


16 


41 


zzzj DQ3 


Vppczz 


17 


40 


zzzj DQ10 


DUczz 


18 


39 


=3 DQ2 


NCczz 


19 


38 


zzzi DQ9 


NCczz 


20 


37 


zzzi DQ1 


A7CZZ 


21 


36 


zzzj DQ8 


A6CZZ 


22 


35 


zzzj DQ0 


A5CZZ 


23 


34 


zzzjS 


A4CZZ 


24 


33 


Yss 


A3 czz 


25 


32 


zzzj E 


A2czz 


26 


31 


zzzj AO 


A1 czz 


27 


30 


zzzj NC 


NCczz 


28 


29 


zzzi NC 



- Program/Erase Endurance 
C s 100000 Cycles 
B = 10000 Cycles 



- Boot Block Location Indicator 
T s Top Location 
B s Bottom Location 



Package Designator 

DBJ s Plastic Small-Outline Package 
DBRs Thin Small-Outline Package 

Speed Designator 

6 » 60 ns (±5% Vqc tolerance) 

70 s 70 ns (±10% Vcc tolerance) 

80 = 80 ns (±10% Vcc tolerance) 

90 = 90 ns (±10% Vcc tolerance) 
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functional block diagram 



DQ8-DQ15/A.i 
8^ 



8,' 



AO- J7 
A16 



Input 
Buffer 



3E 




Latch 



Counter 



DQ0-DQ7 



7S 



DQIS/A^ 




Output 




Output 


Input Buffer 




Buffer 




Buffer 



7T 



Input 




Input 


Buffer 




Buffer 



Data 



Output 
Multiplexer 



Identification 
Register 



Status 
Register 



Reduction 
Control 



X Decoder 



Data 



Comparator 



U-l (CSM) 
A i 



2 



I/O Logic 



Command 
State 



- BYTE 

-E 
-W 
-G_ 
-RP 



Write 
State 




Program/ 
Erase 




Machine 

(WSM) 




Voltage 

Switch 





Y Gating/Sensing 


16K-Byte 
Boot 
Block 


8K-Byte 
Parameter 

Block 


8K-Byte 
Parameter 

Block 


96K-Byte 
Main 

Block 


128K-Byle 
Main 
Block 






-J— 


_ i— 





Vpp 



architecture 

The TMS28F200BZx uses a blocked architecture to allow independent erasure of selected memory blocks. Any 
address within a block address range selects that block for the required read, program, or erase operation. 

block memory maps 

The TMS28F200BZx is available with the block architecture mapped in either of two configurations: the boot 
block located at the top or at the bottom of the memory array, as required by different microprocessors. The 
TMS28F200BZB (bottom boot block) is mapped with the 1 6K-byte boot block located at the low-order address 
range (OOOOOh to 01FFFh). The TMS28F200BZT (top boot block) is inverted with respect to the 
TMS28F200BZB with the boot block located at the high-order address range (1 EOOOh to 1 FFFFh) . Both of these 
address ranges are for word-wide mode. Figure 2 and Figure 3 show the memory maps for these 
configurations. 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 7-89 



TMS28F200BZT, TMS28F200BZB 
2097152-BIT BOOT-BLOCK FLASH MEMORY 



SMJS200B - JUNE 1 994 - REVISED JUNE 1 995 



block memory maps (continued) 



Address 
Range 


x8 Configuration 


x1 6 Configuration 


Address 
Range 


3FFFFH 


Boot Block 




Boot Block 


IFFFFh 


3C000h 


16K Addresses 




8K Addresses 


1E000h 


3BFFFH 


Parameter Block 




Parameter Block 


1DFFFH 


3A000H 


8K Addresses 




4K Addresses 


IDOOOh 


39FFFH 


Parameter Block 




Parameter Block 


1CFFFH 


38000H 


8K Addresses 




4K Addresses 


ICOOOh 


37FFFH 


Main Block 




Main Block 


IBFFFh 


20000H 


96K Addresses 




48K Addresses 


10000h 


IFFFFh 


Main Block 




Main Block 


OFFFFh 


OOOOOh 


128K Addresses 




64K Addresses 


OOOOOh 



DQ1 5/A-t Is LSB Address AO Is LSB Address 

Figure 1. TMS28F200BZT (Top Boot Block) Memory Map 



Address 


x8 Configuration 




Address 


Range 


x1 6 Configuration 


Range 


3FFFFh 


Main Block 




Main Block 


IFFFFh 


20000h 


128K Addresses 




64K Addresses 


lOOOOh 


IFFFFh 


Main Block 




Main Block 


OFFFFh 


08000h 


96K Addresses 




48K Addresses 


04000h 


07FFFh 


Parameter Block 




Parameter Block 


03FFFh 


OSOOOh 


8K Addresses 




4K Addresses 


03000h 


05FFFh 


Parameter Block 




Parameter Block 


02FFFh 


04000H 


8K Addresses 




4K Addresses 


02000h 


03FFFh 


Boot Block 




Boot Block 


OlFFFh 


OOOOOh 


16K Addresses 




8K Addresses 


OOOOOh 


DQ15/A-! Is LSB Address 


AO Is LSB Address 





Figure 2. TMS28F200BZB (Bottom Boot Block) Memory Map 

boot-block data protection 

The 1 6K-byte boot block is used to store key system data that is seldom changed in normal operation. To protect 
data within this memory sector, the RP terminal can be used to provide a lockout to eliminate accidental erase 
or program operations. When RP is operated with normal TTL/CMOS logic levels, the contents of the boot block 
cannot be erased or reprogrammed. Changes to the contents of the boot block can be made only when RP is 
at Vhh (nominally 12 V) during normal write/erase operations. 

parameter block 

Two parameter blocks of 8K bytes each can be used like a scratch pad to store frequently updated data. 
Alternately, the parameter blocks can be used for additional boot- or main-block data. If a parameter block is 
used to store additional boot-block data, caution should be exercised because the parameter block does not 
have the boot-block data-protection safety feature. 
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main block 

Primary memory on the TMS28F200BZx is located in two main blocks. One of the blocks has storage capacity 
of 1 28K bytes and the other block has storage capacity of 96K bytes. 

command state machine (CSM) 

The CSM is the interface between an external microprocessor and the write state machine and status register 
on the memory chip. When the WSM has completed a task, the WSM status (WSMS) bit (SB7) is set to a logic 
high (1 ), allowing the CSM to respond to the full command set. 

status register (SR) 

The status register provides a means of determining whether the state of a program/erase operation is pending 
or complete. The status register is read by writing a read-status command to the CSM and reading the resulting 
status code on I/O terminals DQ0-DQ7. This is valid for operation in either the byte- or word-wide mode. When 
the device is operating in the word-wide mode, the high order l/Os (DQ8-DQ1 5) are set to OOh when performing 
a read-status operation. 

After a read-status command has been given, the data appearing on DQ0-DQ7 remains as the status register 
data until a new command is issued to the CSM. To return the device to other modes of operation, a new 
command must be issued to the CSM. 

Register data is updated on the falling edge of G or E. The latest falling edge of either of these two signals 
updates the latch within a given read cycle. Latching data prevents errors from occurring should the register 
input change during a status-register read. To assure that the status-register output contains updated status 
data, E or G must be toggled for each subsequent status read. 

The status register provides the internal state of the WSM to the external microprocessor. During periods when 
the WSM is active, the status register can be polled to determine the WSMS. Table 1 defines the status register 
bits and their functions. 
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status register (SR) (continued) 



Table 1. Status Register Bit Definitions and Functions 



STATUS 
BIT 


FUNCTION 


DATA 


COMMENTS 


SB7 


Write-state-machine status 
(WSMS) 


1 = Ready 
0= Busy 


If SB7 = 0, the WSM has not completed an erase or programming 
operation. If SB7 = 1 (ready), other polling operations can be 
performed. SB7 does not automatically update WSM status at the 
completion of a WSM task. If the WSM status bit shows busy (0), 
the user must periodically toggle E or G to determine when the 
wom nas compieiea an operation (od/ = i ). 


SB6 


Erase-suspend status 
(ESS) 


1 = Erase suspended 
0 = Erase in progress or 
completed 


When an erase-suspend command is issued, the WSM halts 
execution and sets the ESS bit high (SB6 = 1) indicating that the 
erase operation has been suspended. The WSMS bit is also set 
high (SB7 = 1) indicating that the erase-suspend operation has 
been successfully completed. The ESS bit remains at a high level 
until an erase-resume command is input to the CSM (code DOh). 


SB5 


Erase status 
(ES) 


1 = Block erase error 
0= Block erase good 


SB5 = 0 indicates that a successful block erasure has occurred. 
SB5 = 1 indicates that an erase error has occurred. In this case, 
the WSM has completed the maximum allowed erase pulses 
determined by the internal algorithm, but this was insufficient to 
completely erase the device. 


SB4 


Program status 
(PS) 


1 ■ Byte/word program error 
0= Byte/word program good 


SB4 = 0 indicates successful programming has occurred at the 
addressed block location. SB4 = 1 indicates that the WSM was 
unable to correctly program the addressed block location. 


SB3 


Vpp status 
(Vpps) 


1 - Program abort: 

Vpp too low 
0 = Vpp good 


SB3 provides information on the status of Vpp during 
programming. If Vpp is too low after a program or erase command 
has been issued, SB3 issetto a 1 indicating that the programming 
operation is aborted. The Vpp status bit is not assured to give 
accurate feedback between VppH and Vpp|_. 


SB2- 
SBO 


Reserved 




These bits should be masked out when reading the status 
register. 



operation 

Device operations are selected by entering standard JEDEC 8-bit command codes with conventional 
microprocessor timing into an on-chip command state machine (CSM) through I/O terminals DQ0-DQ7. When 
the device is powered up, internal reset circuitry initializes the chip to a read-array mode of operation. Changing 
the mode of operation requires a command code to be entered into the CSM. Table 2 lists the CSM codes for 
all modes of operation. 

The on-chip status register allows the progress of various operations to be monitored. The status register is 
interrogated by entering a read-status-register command into the CSM (cycle 1 ) and reading the register data 
on I/O terminals DQ0-DQ7 (cycle 2). Status-register bits SB0 through SB7 correspond to DQ0 through DQ7. 
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operation (continued) 

Table 2. Command State Machine Codes for Device Mode Selection 



COMMAND 




WUDb UN 


UtVlUt MUUt 


DQ0-DQ7T 




OOh 


Invalid /Reserved 


10h 


Alternate Program Setup 


20h 


Block-Erase Setup 


40h 


Program Setup 


50h 


Clear-Status Register 


70h 


Read-Status Register 


90h 


Algorithm Selection 


BOh 


Erase Suspend 


DOh 


Erase Resume/Block-Erase Confirm 


FFh 


Read Array 



t DQO is the least significant bit. DQ8-DQ1 5 are any valid 2-state level. 



command definition 

Once a specific command code has been entered, the WSM executes an internal algorithm generating the 
necessary timing signals to program, erase, and verify data. See Table 3 for the CSM command definitions and 
data for each of the bus cycles. 

Following the read-algorithm-selection-code command, two read cycles are required to access the 
manufacturer-equivalent code and the device-equivalent code as shown in Table 4 and Table 5. 



Table 3. Command Definitions 



COMMAND 


BUS 
CYCLES 
REQUIRED 


FIRST BUS CYCLE 


SECOND BUS CYCLE 


OPERATION 


ADDRESS 


CSM 
INPUT 


OPERATION 


ADDRESS 


DATA 
IN/OUT 


Read Operations 


Read Array 


1 


Write 


X 


FFh 


Read 


X 


Data Out 


Read Algorithm-Selection Code 


3 


Write 


X 


90h 


Read 


AO 


M/D 


Read-Status Register 


2 


Write 


X 


70h 


Read 


X 


SRB 


Clear-Status Register 


1 


Write 


X 


50h 








Program Mode 


Program Setup/ Program 
(byte/word) 


2 


Write 


PA 


40h or10h 


Write 


PA 


PD 


Erase Operations 


Block-Erase Setup/ 
Block-Erase Confirm 


2 


Write 


BEA 


20h 


Write 


BEA 


DOh 


Erase Suspend/ 
Erase Resume 


2 


Write 


X 


BOh 


Write 


X 


DOh 



Legend: 

BEA Block-erase address. Any address selected within a block selects that block for erase. 

M/D Manufacturer-equivalent/device-equivalent code 

PA Address to be programmed 

PD Data to be programmed at PA 

SRB Status-register data byte that can be found on DQ0-DQ7 
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byte-wide or word-wide mode selection 

The memory array is divided into two parts: an upper half byte that outputs data through l/Os DQ8-DQ1 5, and 
a lower half byte that outputs data through DQ0-DQ7. D evice o peratio n in eit her byte-wide or word-wide mode 
is user-selectable and is determined by the logic state of BYTE. When BYTE is at a l ogic hi gh level, the device 
is in the word-wide mode and data is written to or read from l/Os DQ0-DQ1 5. When BYTE is at a logic low, the 
device is in the byte-wide mode and data is written to or read from l/Os DQ0-DQ7. In the byte-wide mode, l/Os 
DQ8-DQ1 4 are placed in the high-impedance state and DQ1 5/A_i becomes the low-order address terminal 
and selects either the upper or lower half of the array. Array data from the upper half (DQ8-DQ1 5) and the lower 
half (DQ0-DQ7) are multiplexed and appear on DQ0-DQ7. Table 4 and Table 5 summarize operations for 
word-wide mode and byte-wide mode. 



Table 4. Operation Modes for Word-Wide Mode (BYTE = V iH ) 



MODE 


E 


G 


RP 


w 


A9 


AO 


Vpp 


DQ0-DQ15 


Read 


V|L 


V|L 


V|H 


V| H 


X 


X 


X 


Data out 


Algorithm-selection mode 


V|L 


VfL 


V| H 


V| H 


V|D 


V|L 


X 


Manufacturer-equivalent code 0089h 


V|L 


V|L 


V|H 


V|H 


V, D 


V|H 


X 


Device-equivalent code 2274h 
(top boot block) 


Device-equivalent code 2275h 
(bottom boot block) 


Output disable 


V|L 


V|H 


V| H 


V|H 


X 


X 


X 


High impedance 


Standby 


V| H 


X 


V| H 


X 


X 


X 


X 


High impedance 


Reset/deep power down 


X 


X 


V|L 


X 


X 


X 


X 


High impedance 


Write (see Note 1) 


V|L 


V|H 


V| H or 

vhh 


V|L 


X 


X 


VppLpr 
Vpph 


Data in 



Table 5. Operation Modes for Byte-Wide Mode (BYTE = V )L ) 



MODE 


E 


G 


RP 


w 


A9 


AO 


Vpp 


DQ15/A_1 


DQ8-DQ14 


DQ0-DQ7 


Read lower byte 


V|L 


V|L 


V|H 


V| H 


X 


X 


X 


V|L 


Hi-Z 


Data out 


Read upper byte 


V|L 


V|L 


V|H 


V| H 


X 


X 


X 


V| H 


Hi-Z 


Data out 


Algorithm-selection 
mode 


V|L 


V|L 


V, H 


V| H 


V| D 


V|L 


X 


X 


HI-Z 


Manufacturer-equivalent 
code89h 


V, L 


V|L 


V| H 


V, H 


V|D 


V| H 


X 


X 


Hi-Z 


Device-equivalent code 
74h (top boot block) 


Device-equivalent code 
75h (bottom boot block) 


Output disable 


V|L 


V|H 


V|H 


V| H 


X 


X 


X 


X 


Hi-Z 


High impedance 


Standby 


V| H 


X 


V|H 


X 


X 


X 


X 


X 


Hi-Z 


High impedance 


Reset/deep power 
down 


X 


X 


V|L 


X 


X 


X 


X 


X 


Hi-Z 


High impedance 


Write (see Note 1) 


V|L 


V| H 


V| H or 

vhh 


V|L 


X 


X 


VppL 
or 

VpPH 


X 


Hi-Z 


Data In 



NOTE 1 : When writing commands to the '28F200BZx, Vpp must be Vppn for block-erase or program commands to be executed and RP must 



be held at Vhh for the entire boot block program or erase operation. 
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command state machine (CSM) operations 

The CSM decodes instructions for read, read algorithm-selection code, read status register, clear status 
register, program, erase, erase suspend, and erase resume. The 8-bit command code is input to the device on 
DQ0-DQ7 (see Table 2 for CSM codes). During a program or erase cycle, the CSM informs the WSM that a 
program or erase cycle has been requested. During a program cycle, the WSM controls the program sequences 
and the CSM responds only to status reads. 

During an erase cycle, the CSM responds to status reads and erase suspend. When the WSM has completed 
its task, the WSM status bit (SB7) is set to a logic high and the CSM responds to the full command set. The CSM 
stays in the current command state until the microprocessor issues another command. 

The WSM successfully initiates an erase or program operation only when Vpp is within its correct voltage range 
(Vppn). For data protection, it is recommended that RP be held at a logic low during a CPU reset. 

read operations 

There are three read operations available: read array, read algorithm-selection code, and read status register. 
read array 

The array is read byenteringthe command code FFh on DQ0-DQ7. Control terminals E and G must be at a Z 
logic low ( V|J and W and RP must be at a logic high (Vm) to read data from the array. Data is available on Q 
DQ0-DQ1 5 (word-wide mode) or DQ0-DQ7 (byte-wide mode). Any valid address within any of the blocks j— 
selects that block and allows data to be read from the block. ^ 

read algorithm-selection code *> 

Algorithm-selection codes are read by entering command code 90h on DQO- DQ7. Two bus cycles are required DC 

for this operatioirthe first to enter the command code and asecond to read the device-equivalent code. Control O 

terminals E and G must be at a logic low (Vjl) and W and RP must be at a logic high (V|h). Two identifier bytes U- 

are accessed by toggling AO. The manufacturer-equivalent code is obtained on DQ0-DQ7 with AO at a logic 2 

low (Vjl). The device-equivalent code is obtained when AO is set to a logic high (Vjh). Alternately, the ■■■ 

manufacturer- and device-equivalent codes can be read by applying V )D (nominally 1 2 V) to A9 and selecting LLl 

the desired code by toggling AO high or low. All other addresses are don't care (see Table 3, Table 4, and (J 

Table 5). 2 

read status register 

The status register is readby entering the command code 70h on DQ0-DQ7. Control terminals E and G must q 
be at a logic low ( V|J and W and RP must be at a logic high ( Vm ) . Two bus cycles are required for this operation: 
one to enter the command code and a second to read the status register. In a given read cycle, status register 
contents are updated on the falling edge of E or G, whichever occurs last within the cycle. 

clear status register 

The internal circuitry can set only the Vpp status (SB3), the program status (SB4), and the erase status (SB5) 
bits of the status register. The clear-status-register command (50h) allows the external microprocessor to clear 
these status bits and synchronize to internal operations. When the status bits are cleared, the device returns 
to the read array mode. 

boot-block programming/erasing 

Should changes to the boot block be required, RP must be set to Vhh 0 2 V) and Vpp to the programming voltage 
level (Vppn). If an attempt is made to write, erase, or erase suspend the boot block without RP at Vhh. an error 
signal is generated on SB4 (program-status bit) or SB5 (erase-status bit). 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing FFh or FFFFh during the second cycle, the CSM responds only to status 
reads. When the WSM status bit (SB7) is set to a logic high, signifying termination of the nonprogram operation 
is terminated, all commands to the CSM become valid again. 
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normal programming 

There are two GSM commands for programming: program setup and alternate program setup 
(see Table 2 on page 7). After the desired command code is entered, the WSM takes over and correctly 
sequences the device to complete the program operation. During this time, the CSM responds only to status 
reads until the program operation has been completed, after which all commands to the CSM become valid 
again. Once a program command has been issued, the WSM cannot normally be interrupted until the program 
algorithm is completed (see Figure 4 and Figure 4). Taking RP to Vjl during programming aborts the program 
operation. During programming, Vpp must remain at Vppn- Only Os are written and compared during a program 
operation. If 1s are programmed, the memory cell contents do not change and no error occurs. 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing all 1s during the second cycle, the CSM responds only to status reads. 
When the WSM status bit (SB7) is set to a logic high, signifying the nonprogram operation is terminated, all 
commands to the CSM become valid again. 

erase operations 

There are two erase operations that can be performed by the TMS28F200BZx devices: block erase and erase 
suspend/erase resume. An erase operation must be used to initialize all bits in an array block to 1s. After 
block-erase confirm is issued, the CSM responds only to status reads or erase-suspend commands until the 
WSM completes its task. 

block erasure 

Block erasure inside the memory array sets all bits within the addressed block to logic 1s. Erasure is 
accomplished only by blocks; data at single address locations within the array cannot be individually erased. 
Any valid address within the parameter or main blocks acts as a block selector and allows that block to be 
erased. RP must be at Vhh for changing the data content of the boot block. Block erasure is initiated by a 
command sequence to the CSM: block-erase setup (20h) followed by block-erase confirm (DOh). A 
two-command erase sequence protects against accidental erasure of memory contents. 

Erase setup and confirm commands are latched on the rising edge of E or W, whichever occurs first. Block 
addresses are latched during the block-erase-confirm command on the rising edge of E or W (see Figure 5). 
When the block-erase-confirm command is complete, the WSM automatically executes a sequence of events 
to complete the block erasure. During this sequence, the block is programmed with logic Os, data is verified, 
all bits in the block are erased, and finally, verification is performed to assure that all bits are correctly erased. 
Monitoring of the erase operation is possible through the status register (see read status register). 

erase suspend/erase resume 

During the execution of an erase operation, the erase-suspend command (BOh) can be entered to direct the 
WSM to suspend the erase operation. Once the WSM has reached the suspend state, it allows the CSM to 
respond only to the read-array, read-status-register, and erase-resume commands. During the erase-suspend 
operation, array data should be read from a block other than the one being erased. To resume the erase 
operation, an erase-resume command (DOh) must be issued to cause the CSM to clear the suspend state 
previously set (see Figure 5 and Figure 1 0). 

automatic power-saving mode 

Substantial power savings can be realized during periods when the array is not being read. During this time, 
the device switches to the automatic power-saving mode. When the device switches to this mode, Iqc is typically 
reduced from 40 mA to 1 mA (Iout = 0 mA )- The low level of power is maintained until another read operation 
is initiated. In this mode, the I/O terminals retain the data from the last memory address read until a new address 
is read. This mode is entered automatically if no address or control pins toggle within a 200-ns time-out period. 
At least one transition on E must occur after power up to activate this mode. 
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reset/deep power-down mode 

Very low levels of power consumption can be attained by using a special terminal, RP, that disables internal 
device circuitry. When RP is at a CMOS logic low of 0.0 V ± 0.2 V, an Ice va,u © on tne order of 02 M-A (° r 1 H w 
of power) is achievable. This is important in portable applications where extended battery life is of major 
concern. 

A recovery time is required when exiting from deep power-down mode. For a read-array operation, a minimum 
of 300 ns is required before data is valid, and a minimum of 21 5 ns in deep power-down mode is required before 
data input to the CSM can be recognized. With RP at ground, the WSM is reset and the status register is cleared, 
effectively eliminating accidental programming to the array during system reset. After restoration of power, the 
device does not recognize any operation command until RP is returned to a V|h or Vhh lovel. 

Should RP become low during a program or erase operation, the device becomes nonfunctional (is in a 
power-down state) and data being written or erased is invalid or indeterminate, requiring that the operation be 
performed again after power restoration. 
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C 



Start 



J 



Write Program-Setup 
Command, Byte Address 



Write Byte 
Address/Data 










« 

f 




Read Status- 
Register Bit 







Yes 



Full Status-Register 
Check If Selected 



See Note A 



Byte Program Completed 



FULL STATUS-REGISTER-CHECK FLOW 




»^Vpp Range Erro^ 



No Byte Program 
Failed 



BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Write 

pruyreuii 

setup 


Data = 40hor10h 

AHHr s AHHrAfifi nf 

AVJUI * /MJUIOOO Ul 

byte to be 
programmed 


Write 


write data 


uata = byte to do 
programmed 

Addr = Address of 
byte to be 
programmed 


Read 




Status register data. 
Toggle G or E to update 
status register. 


Standby 




Check SB7 

1 * Ready, 0 ■ Busy 


Repeat for subsequent bytes. 

Write FFh after the last byte-programming operation to 

reset the device to read-array mode. 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Standby 




Check SB3 
1 ■ Detect Vpp low 
(see Note B) 


Standby 




Check SB4 

1 * Byte program error 
(see Note C) 



NOTES: A. Full status-register check can be done after each word or after a sequence of words. 

B. SB3 must be cleared before attempting additional program /erase operations. 

C. SB4 is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts. 

Figure 3. Automated Byte-Programming Flowchart 
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C 



Start 

3Z 



3 



Write Program-Setup 
Command, Word 
Addreas 



Write Word 
Address/Data 



Read Status- 
Register 




Full Status-Register 
Check If Selected 



See Note A 



C 



Word Program 
Completed 



3 



FULL STATUS-REGISTER-CHECK FLOW 




-fr^ Vpp Range Error ^ 

<Word PrograrrA 
Failed J 



BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Write 

program 

setup 


Data = 40hor10h 
Addr = Address of 
word to be 
programmed 


Write 


Write data 


Data = Word to be 
programmed 

Addr = Address of 
word to be 
programmed 


Read 




Status register data. 
Toggle G or E to update 
status register. 


Standby 




Check SB7 

1 = Ready, 0 * Busy 


Repeat for subsequent words. 

Write FFh after the last word-programming operation to 

reset the device to read-array mode. 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Standby 




Check SB3 
1 = Detect Vpp low 
(see Note B) 


Standby 




Check SB4 
1 = Word program 
failed 

(see Note C) 



NOTES: A. Full status-register check can be done after each word or after a sequence of words. 

B. SB3 must be cleared before attempting additional program /erase operations. 

C. SB4 is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts. 

Figure 4. Automated Word-Programming Flowchart 
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C 



Start 



J 



Write Erese-Setup- 
Command Block Address 



Write Block-Era8e-Command 
Block Address 




Full Status-Register 
Check If Selected 



See Note A 



FULL STATUS-REGISTER-CHECK FLOW 




Vpp Range Error ^ 



Yes 



< Command Sequence A 
Error J 



< 



Block Erase Failed 



Block Erase Passed 



BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Write erase 
setup 


Data = 20h 

Block Addr - Address 
within 
block to 
be 

erased 


Write 


Erase 


Data = DOh 

Block Addr = Address 
within 
block to 
be 

erased 


Read 




Status register data. 
Toggle G or E to update 
status register 


Standby 




Check SB7 

1 = Ready, 0 = Busy 


Repeat for subsequent blocks. 

Write FFh after the last block-erase operation to reset the 

device to read-array mode. 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Standby 




Check SB3 
1 a Detect Vpp low 
(see Note B) 


Standby 




Check SB4 and SB5 
1 = Block-erase 
command error 


Standby 




Check SB5 

1 = Block-erase failed 
(see Note C) 



NOTES: A. Full status-register check can be done after each word or after a sequence of words. 

B. SB3 must be cleared before attempting additional program /erase operations. 

C. SB5 is cleared only by the clear-status-register command in cases where multiple blocks are erased before full status is checked. 

Figure 5. Automated Block-Erase Flowchart 



7-100 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS28F200BZT, TMS28F200BZB 
2097152-BIT BOOT-BLOCK FLASH MEMORY 



SMJS200B - JUNE 1 994 - REVISED JUNE 1 995 



C 



Start 



J 



Write Erase-Suspend 
Command 



Read Status-Register 
Bit 




Writs Memory-Read 
Command 



Erase Complete 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Erase 
suspend 


Data « BOh 


Read 




Status register data. 
Toggle (5 or E to update 
status register. 


Standby 




Check SB7 
1 ■ Ready 


Standby 




Check SB6 
1 = Suspended 


Write 


Read 
memory 


Data = FFh 


Read 




Read data from block 
other than that being 
erased. 


Write 


Erase 
resume 


Data ■ DOh 



See Note A 



NOTE A: Refer to block-erase flowchart for complete erasure procedure. 

Figure 6. Erase-Suspend/Resume Flowchart 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 2) — - 0.6 V to 7 V 

Supply voltage range, Vpp (see Note 2) . -0.6 V to 14 V 

Input voltage range: AINnputs except A9, RP - 0.6 V to Vcc + 1 V 

RP, A9 (see Note ) .......... 0.6 V to 13.5 V 

Output voltage range (see Note 4) - 0.6 V to Vcc + 1 V 

Operating free-air temperature range, Ta, during read/erase/program: L suffix . 0°C to 70°C 

E suffix -40°Cto85°C 

Q suffix -40°Cto125°C 

Storage temperature range, T stg . . - 65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 2. All voltage values are with respect to V$$. 

3. The voltage on any input can undershoot to - 2 V for periods less than 20 ns. 

4. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 



recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage 


During write/read/erase/erase suspend 


'28F200BZ-X-6 


4.75 


5 


5.25 


V 


All others 


4.5 


5 


5.5 


Vpp 


Supply voltage 


During read only (Vppl) 


0 




6.5 


V 


During write/erase/erase suspend (Vppn) 


11.4 


12 


12.6 


V 


V|H 


High-level dc input voltage 


TTL 


2 




Vcc + 0.5 


V 


CMOS 


V C C -0.6 




Vcc + 0.5 


V 


V|L 


Low-level dc input voltage 


TTL 


-0.5 




0.8 


V 


CMOS 


Vss-0.2 




V S S + 0.2 


V 


vlko 


Vcc lock-out voltage from write/erase 




2 


V 


v H h 


RP unlock voltage 




11.5 


12 


13 


V 



word/byte-write and biock-erase performance, Ta = 25°C, Vpp = 12 V (see Note 5) 



PARAMETER 


'28F200BZx-6 


*28F200BZx-70 


'28F200BZX-80 


'28F200BZX-90 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


Main-block erase time 


2.2 


2.2 


2.2 


2.2 


s 


Main-block byte-program 
time 


3.2 


3.2 


3.2 


3.2 


s 


Main-block word-program 
time 


1.6 


1.6 


1.6 


1.6 


s 


Parameter/boot-block 
erase time 


0.32 


0.32 


0.32 


0.32 


s 



NOTE 5: Excludes system-level overhead 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature using test conditions given in Table 6 (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


VOH 


High-level output voltage 




Vcc - 4.5 V, Ioh - - 2.5 mA 


2.4 


V 


vol 


Low-level output voltage 




Vcc = 4.5 V, lOL 85 5.8 mA 


0.45 


V 


V|D 


A9 selection code voltage 






11.5 13 


V 


ii 


Input current (leakage), except for A9 when A9 = V|q 


Vcc^.SV, V| = 0Vto5.5V 


±1 


fiA 


l|D 


A9 selection code current 




A9 = V| D 


500 


HA 


IRP 


RP boot-block unlock current 






500 


HA 


'0 


Output current (leakage) 




VCC = 5.5V, Vo = 0V toVcc 


±10 


ma 


IppS 


Vpp standby current (standby) 




vpp s vcc 


10 




'PPL 


Vpp supply current (reset/deep power-down mode) 


RP = Vss±0.2V 


5 


ma 


IPP1 


Vpp supply current (read) 




Vpp > Vcc 


200 


HA 


lp P2 


Vpp supply current (active byte write) 




Vpp = VppH, 
Programming in progress 


30 


mA 


IPP3 


Vpp supply current (active word write) 




Vpp = VppH, 
Programming in progress 


40 


mA 


•PP4 


Vpp supply current (block erase) 




vpp - vppn, 

Block erase in progress 


30 


mA 


•PP5 


Vpp supply current (erase suspend) 




\/nn — \/nr^i_i 

V PP ~ V PPH» 

Block erase suspended 


200 


HA 


ices 


V CC supply current 


TTL-input level 




1.5 


mA 


(standby) 


CMOS-input level 


Vcc = 55 v > E = RP = V|H 


100 


HA 


'CCL 


Vcc supply current (reset/deep power- 


0°Cto70°C 
-40°Cto85°C 


RP = V SS ±0.2V 


1.2 


MA 








-40°Cto125°C 




8 


j*A 


'VA/1 


Vcc supply current 


TTL-input level 


V C C - 5.5 V, E = V| L> 
1 = 10 MHZ, 'OUT s 0 


60 


mA 


(active read) 


CMOS-input level 


Vcc = 5.5V, EsVss±0.2V, 
1 as iu ivinz, 'OUT inM 


55 


mA 


'CG2 


Vcc supply current (active byte write) (see 


Notes 10 and 11) 


Vcc - 5.5 V, 
Programming in progress 


60 


mA 


•CC3 


V CC supply current (active word write) (see Notes 10 and 11) 


Vcc - 5.5 V, 

Programming in progress 


65 


mA 


>CC4 


Vcc supply current (block erase) (see Notes 10 and 11) 


Vcc = 5.5 V, 

Block erase in progress 


30 


mA 


«CC5 


Vcc supply current (er 


ase suspend) (see Notes 10 and 11) 


Vcc - 5.5 V, E = V| H , 
Block erase suspended 


10 


mA 



NOTES: 6. Not 1 00% tested; characterization data available 

7. All ac current values are RMS unless otherwise noted. 



Table 6. AC Test Conditions 



SPEED DESIGNATOR 


■OL 
(mA) 


•oh 

(mA) 


v z t 

(V) 


vol 

(V) 


VOH 
(V) 


V|L 
(V) 


V|H 
(V) 


Cload 

(PF) 


tf 

(ns) 


tr 

(ns) 


TEMPERATURE 


-6 


5.8 


-2.5 


1.5 


1.5 


1.5 


0 


3.0 


30 


<10 


<10 


0°Cto70°C 


-70, -80, -90 


5.8 


-2.5 


1.5 


0.8 


2.0 


0.45 


2.4 


100 


<10 


<10 


-40°Cto125°C 



t V Z is the measured value used to detect high impedance. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz,V ( = OV 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Cj 


Input capacitance 




8 


PF 


Co 


Output capacitance 


Vq = 0V 


12 


PF 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


ALT. 
SYMBOL 


'28F200BZX-6 


'28F200BZX-70 


'28F200BZX-80 


'28F200BZX-90 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from AO- A1 6 


tAVQV 


60 


70 


80 


90 


ns 


*a(E) Access time from E 


tELQV 


60 


70 


80 


90 


ns 


t a (Q) Access time from G 


*GLQV 


30 


35 


40 


45 


ns 


*C(R) wyUlo limo, leau 


*AVAV 


fin 




fin 


on 


ns 


Delay time, E low to 
low-impedance output 


tELQX 


0 


0 


0 


0 


ns 


Delay time, G low to 
^(G) low-impedance output 


tGLQX 


0 


0 


0 


0 


ns 


m Disable time, E to 
Kiis(E) high-impedance output 


tEHQZ 


20 


25 


30 


35 


ns 


. Disable time, G to 
VfefG) high-impedance output 


*GHQZ 


20 


25 


30 


35 


ns 


Hold time, DQ valid from 
t n (D) A0-A16, E, or (a, whichever 
occurs first 


tAXQX 


0 


o 


0 


0 


ns 


tsu(EB) Setup time, BYTE from E low 


*ELFL 
tELFH 


5 


5 


5 


5 


ns 


Output delay time from MP 
^(RP) high 


tPHQV 


300 


300 


300 


300 


ns 


Disable time, BYTE low to 
tdisfBL) DQ8-DQ15in 

high-impedance state 


*FLQV 


20 


25 


30 


35 


ns 


Access time from BYTE 
T a(BH) switching high 


tFHQV 


60 


70 


80 


90 


ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

write/erase operations — W-controlled writes 





ALT. 
SYMBOL 


'28F200BZX-6 


'28F200BZX-70 


'28F200BZX-80 


'28F200BZX-90 


UNIT 


MIN MAX 


MIN MAX 


K1IM IIAV 

MIN MAX 


MIN MAX 


*c( W) Cycle time, write 


tAVAV 


60 


70 


80 


90 


ns 


Cycle time, duration of 
' ' programming operation 


*WHQV1 


6 


6 


6 


7 


lis 


Cycle time, erase 
k;(W)ERB operation (boot block) 


tWHQV2 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase 
Wwifrp operation (parameter 
block) 


vvnvji vo 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase 
kj(W)ERM operation (main block) 


*WHQV4 


0.6 


0.6 


0.6 


0.7 


s 


L^OIOiy IIIIIO, UWl UlUwK 

«d(RPR) relook 


tPHBR 


100 


100 


100 


100 


ns 


*h(A) Hold time, AO- A1 6 


tWHAX 


10 


10 


10 


10 


ns 


tu/n\ Hold timA nOvaliri 
. inf ill nwivi iiiiiw, voiivj 


WvHDX 


0 


0 


o 


o 


ns 


*h(E) Hold time, E 


tWHEH 


10 


10 


10 


10 


ns 


. Hold time, Vpp from valid 
l h(VPP) status register bit 


tQWL 


0 


0 


0 


0 


ns 


Hold time, MP at Vhh 
*h(RP) ^ orn va ''d status register 
bit 


tQVPH 


0 


0 


0 


0 


ns 


*su(A) Setup time, AO- A1 6 


tAVWH 


60 


50 


50 


50 


ns 


*&u(D\ Setup time, DQ 


*DVWH 


50 


50 


50 


50 


ns 


Setup time, E before write 
^(E) operation 


tELWL 


0 


0 


0 


0 


ns 


. Setup time, RP at Vhh t0 
tsu(RP) W going high 


tpHHWH 


100 


100 


100 


100 


ns 


. Setup time, Vpp to W 
MVPP) going high 


tVPWH 


100 


100 


100 


100 


ns 


MW) Pulse duration, W tow 


tWLWH 


50 


50 


50 


50 


ns 


tw(WH) Pulse duration, W high 


tWLWL 


10 


20 


30 


30 


ns 


Recovery time, RP high 
Vec(RPHW) to W going low 


tPHWL 


215 


215 


215 


215 


ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 

write/erase operations — E-controlled writes 





ALT. 
SYMBOL 




'98F200RZx- 70 
cor &wdiu^ 1 v 


'28F200RZ*- 80 


*28F200RZy. 90 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*c( W) Cycle time, write using E 


tAVAV 


60 


70 


80 


90 


ns 


Cycle time, duration of 
tc(E)OP programming operation 

ufiinn F 


tEHQVI 


6 


6 


6 


7 


us 


. WJ wlv7 WHO, OIC0O U^OIQ 

*c(E)ERB tion uslng § (b00t block ) 


tEHQV2 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase 
tc(E)ERP operation using E 
(parameter block) 


tEHQV3 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase opera- 
*c(E)ERM tion usjng E ( majn b|ock ) 


l EHQV4 


0.6 


0.6 


0.6 


0.7 




Delay time, boot-block 

•u^nrn; relOCK 


tpHBR 


100 


100 


100 


100 


ns 


th(A) Hold time, A0-A16 


tEHAX 


10 


10 


10 


10 


ns 


th(D) Hold time, DQ valid 


tEHDX 


0 


0 


0 


o 


ns 


th(W) Hold time, W 


tEHWH 


10 


10 


10 


10 


ns 


Hold time, Vpp from valid 
*h(VPP) status-register bit 


tQWL 


A 

u 


ft 




n 
u 


ns 


Hold time, RP at V*hh from 
n ( RP ) valid status-register bit 


tQVPH 


A 

u 


0 


0 


o 




t su(A) Setup time, AO- A1 6 


tAVEH 


50 


50 


50 


50 


ns 


tsu(D) Setup time, DQ valid 


tDVEH 


50 


50 


50 


50 


ns 


tsufW) Setup time, W before E 


tWLEL 


0 


0 


0 


0 


ns 


. Setup time, RP at Vhh to E 
^(RP) going high 


tPHHEH 


100 


100 


100 


100 


ns 


Setup time, Vpp to E going 
tsu(VPP) nlgn 


VPEH 


100 


100 


100 


100 


ns 


. Pulse duration, 1 low, write 
ME) U8 ing I 


tELEH 


50 


50 


50 


50 


ns 


Pulse duration, E high, 
%(EH) write using E 


tEHEL 


10 


20 


30 


30 


ns 


. Recovery time, high to 
trec(RPHE) f going low 


tpHEL 


215 


215 


215 


215 


ns 
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PARAMETER MEASUREMENT INFORMATION 

h tc (R) — >\ 



A0-A16 



DQ0-DQ7 (byte wide) 
DQO-DQ15 (word wide) ' 



V C C 



RP 



x 



Address Valid 



X 



ta(A) ■ 



A 



tyE)- 



K- tdls(E) -*| 



A 



-*rta (G) | 



f 



W^nj t h(D) .' 



F — i 



Hl-Z 



v 



Hl-Z - 



td(RP) 



Figure 7. Read-Cycle Timing 
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O 
Z 

< 



^ Texas 
Instruments 



POST OFFICE BOX 1443 * HOUSTON, TEXAS 77251-1443 7-107 



TMS28F200BZT, TMS28F200BZB 
2097152-BIT BOOT-BLOCK FLASH MEMORY 

SMJS200B- JUNE 1994 -REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



> 

z 
o 
m 



■n 
O 
u 

o 
z 



Power Up Write Write Valid Automated Write 

and Program-Setup Address or Byte/Word Read Status- Read-Array 
Standby Command Data Programming Register Bits Command 



A0-A16 




tsu(E)-*lfr- | 

| -*||4-t n( E) 



*w(WH) -K- 



' tyW)OP ■ 



DQ0-DQ7 
(byte wide) 
DQ0-DQ15 ' 
(word wide) 



J K-H-j — W(W) I 
I I -* J K~t n(D) 



Hl-Z 



40h or 10h 

i J_ . H" *au(RP) 

* W- *rec(RPHW) | 




Data 



Hl-Z • 



Valid SR 



r FFh 

<3— 



RP 



z 



r -r -th(RP) 




I 

H — ^»*u(VPP) 



»h(VPP) 




Figure 8. Write-Cycle Timing (W-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Write Write Valid 

and Program-Setup Address 
Standby Command And Data 



Automated 

Byte /Word Read Status 

Programming Register Bits 



Write 
Read-Array 
Command 




tsu(W)-*Jk- J 4 



*w(EH) —ft- 



~kj. — 



DQO- 
DQ7 
(byte 
wide) 
DQO-" 
DQ15 
(word 
wide) 



t W (E) 



M— *su(D) 



Hi-Z 





Hl-Z 



40h or10h 
W(RPHE) 1 i 



RP f 



Z 




i 
I 

N »i- tsu(VPP) 




I /-V a»"S» r- FFh 



FFh 
Hi-Z • 



»h(RP) 



»h(VPP) 




DC 

O 
IL 



LU 

o 
z 

Q 
< 



Figure 9. Write-Cycle Timing (E-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



Write 
Read-Array 
Command 




tsu(E)-HK- 

| - -HW-t h( E) 

I I 




(byte 
O wide) 

m 000 



*w(W) 
tsu(D) 



trec(RPHW) 





Hl-Z . 



tsu(VPP) 




Figure 10. Erase-Cycle Timing (W-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



Power Up Write 

and Program-Setup 
Standby Command 



A0-A16 



W 



X 



Write Erase- 
Conflrm 
Command 



Automated 
Erase 



tc(W) 



+- *su(A) 
»h(A) 



teu(W)-Jk- J m 



: i 

*w(EH) — 1«- 



*c(E)ERB 
tc(E)ERP 
tc(E)ERM 



i «vn — w(E) 



DQ0-DQ7 
(byte wide) 
DQO- DQ15 
(word wide) 



• Hl-Z 



trec(RPHE) 




DOh 



. Hl-Z • 




->f-t8U(RP) 



Read Status- 
Register Bits 



Write 
Read-Array 
Command 



— *i 



— w 



Valid SR 



t su(VPP) 




Figure 11. Erase-Cycle Timing (E-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



A0-A16 



Address Valid 



> 

a 

% 

z 

o 
m 



■n 
O 

30 
5 



BYTE 



DQ0-DQ7 



DQ8-DQ14 



DQ15/A_-| 



— — «C(R) 

ta(A)— N 



• Hl-Z . 



Hi-Z - 



Hi-Z . 



" l a(E) " 



\ 



K 



tsu(EB) 



ta(G) 



/ 



k >\ 



A 



H » 



/ 



^(D) 



tdis(E) 



- tdis(G) 



CDC 



i 

-M- «d(G) 

I 



td(E) H 



HI-Z • 



Byte DQ0-DQ7 
- Word DQ0-DQ7 



N tdis(BL) 




Hi-Z • 



Word DQ8-DQ14 



WordDQ15 



Figure 12. BYTE Timing, Changing From Word-Wide to Byte-Wide Mode 
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A0-A16 



BYTE 



DQ0-DQ7 



DQ8-DQ14 



DQ15/A.1 



PARAMETER MEASUREMENT INFORMATION 



Address Valid 



. Hl-Z . 



Hl-Z • 



tc(R) - 

ta(A) ►! 



|« «a(E) 



A 



K-H- 



t»u(EB) 



- klls(E) 



\4 m 



' ! a(G) 



\ 



- tdls(G) 



th(D) 



ta(BH) 



Byte DQ0-DQ7 

-J ! 



i i 



I 

-*l — «d(G) 



Word DQ0-DQ7 



WordDQ8-DQ14 



A 



WordDQ15- 



A_i Input 



DC 
O 



LU 
O 

z 

Q 
< 



Figure 13. BYTE Timing, Changing From Byte-Wide to Word-Wide Mode 
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Organization 

- TWo 8K-Byte Parameter Blocks 

- One 96K-Byte Main Block 

- Three 128K-Byte Main Blocks 

- One 16K-Byte Protected Boot Block 

- Top or Bottom Boot Locations 
All Inputs/Outputs TTL Compatible 
Maximum Access/Minimum Cycle Time 
V CC ±5% V CC ±10% 
'28F400BZ-6-X 60 ns 

'28F400BZ-70-X 70 ns 
'28F400BZ-80-X 80 ns 
'28F400BZ-90-X 90 ns 

100000 and 10000 Program/Erase Cycle 

Versions 

Three Temperature Ranges 

- Commercial . . . 0°C to 70°C 

- Extended ... - 40°C to 85°C 

- Automotive . . . - 40°C to 125°C 

Low Power Dissipation (Vqc = 8.5 V) 

- Active Write ... 330 mW (Byte Write) 

- Active Read ... 330 mW (Byte Read) 

- Active Write ... 358 mW (Word Write) 

- Active Read ... 330 mW (Word Read) 

- Block Erase ... 165 mW 

- Standby . . . 0.55 mW (CMOS-Input 
Levels) 

- Deep Power-Down Mode . . . 0.0066 mW 

Fully Automated On-Chip Erase and 
Word/Byte Program Operations 
Write Protection for Boot Block 
Command State Machine (CSM) 

- Erase Suspend/Resume 

- Algorithm-Selection Identifier 



DBJ PACKAGE 
(TOP VIEW) 



description 



VppC 
NCC 

A17 C 
A7C 
A6[ 
A5[ 
A4C 
A3 C 
A2C 
A1 
A0C 
EC 

Vssc 

GC 
DQ0 t 
DQ8 t 
DQ1 
DQ9 C 
DQ2C 

DQ10 E 
DQ3C 

DQ11 C 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 



44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 



] R_P 
] W 
] A8 
] A9 
] A10 
3 A11 
3 A12 
3 A13 
3 A14 
3 A15 
A16 



BYTE 
V S S 

DQ15/A.! 
DQ7 
DQ14 
DQ6 
DQ13 
DQ5 
P DQ12 
DQ4 

V C C 



PIN NOMENCLATURE 


A0-A17 


Address Inputs 


BYTE 


Byte Enable 


DQ0-DQ14 Data In/Out 


DQ15/A_v 


Data In/Out (word-wide mode), 




Low-Order Address (byte-wide mode) 


DU 


Do Not Use 


E 


Chip Enable 


G 


Output Enable 


NC 


No Internal Connection 


RP 


Reset/ Deep Power Down 


vcc 


5-V Power Supply 


Vpp 


12-V Power Supply for Program /Erase 


vss 


Ground 


w 


Write Enable 



The TMS28F400BZx is a 4194304-bit, boot-block flash memory that can be electrically block-erased and 
reprogrammed. The TMS28F400BZx is organized in a blocked architecture consisting of one 16K-byte 
protected boot block, two 8K-byte parameter blocks, one 96K-byte main block, and three 128K-byte main 
blocks. The device can be ordered with either a top or bottom boot-block configuration. Operation as a 
512K-byte (8-bit) or a 256K-word (16-bit) organization is user definable. 

Embedded program and block-erase functions are fully automated by an on-chip write state machine (WSM), 
simplifying these operations and relieving the system microcontroller of these secondary tasks. WSM status 
can be monitored by an on-chip status register to determine progress of program/erase tasks. The device 
features user-selectable block erasure. 
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description (continued) 

The TMS28F400BZx flash memory is offered in a 44-pin PSOP and a 56-pin TSOP package and is available in three 
temperature ranges: 0°C to 70°C, - 40°C to 85°C, and - 40°C to 1 25°C. 

DBR PACKAGE 
(TOP VIEW) 



NCczzz 


1 O 


56 




NC 


NCczzz 


2 


55 




A16 


A15czzz 


3 


54 




BYTE 


A14czzz 


4 


53 




Vss 


A13czzz 


5 


52 




DQ15/A ! 


A12c= 


6 


51 




DQ7 


A11 czzz 


7 


50 




DQ14 


AlOczzz 


8 


49 




DQ6 


A9c= 


9 


48 




DQ13 


A8 czzz 


10 


47 




DQ5 


NCczzz 


11 


46 




DQ12 


NCczzz 


12 


45 




DQ4 


Wcz 


13 


44 




v C c 


DD i 

Hr CZZZ 


14 


43 




Vcc 


NCczzz 


15 


42 




DQ11 


NCczzz 


16 


41 




DQ3 


Vppczzz 


17 


40 




DQ10 


DUczzz 


18 


, 39 




DQ2 


NCizzz 


19 


38 




DQ9 


A17czzz 


20 


37 




DQ1 


A7CZZ 


21 


36 




DQ8 


A6czzz 


22 


35 




DQ0 


A5LZZZ 


23 


34 




G 


A4czzz 


24 


33 


ZZZD 


Vss 


A3 czzz 


25 


32 




E 


A2CZZZ 


26 


31 




AO 


A1 czzz 


27 


30 




NC 


NCczzz 


28 


29 




NC 



device symbol nomenclature 

TMS28F400BZT 6 C DBJ L 



- Temperature Range Designator 
L = 0°C to 70°C 
E = -40°C to 85°C 
Q = -40°C to 125°C 



■ Program/Erase Endurance 



C = 100000 Cycles 
B = 10000 Cycles 



- Boot Block Location Indicator 
T = Top Location 
B a Bottom Location 



Package Designator 

DBJ = Plastic Small-Outline Package 
DBR = Thin Small-Outline Package 

Speed Designator 

6 s 60 ns (±5% Vqc tolerance) 

70 = 70 ns (±10% Vcc tolerance) 

80 s 80 ns (±10% Vcc tolerance) 

90 s 90 ns (±10% Vcc tolerance) 
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functional block diagram 



DQ8-DQ15/A_t 



DQ15/A.! 
Input Buffer 



AO- 18 
A17 



Input 
Buffer 



Addrete f33 
Latch 



Address 

Counter 



DQ0-DQ7 



Output 
Buffer 



7> 



Output 
Buffer 



7T 



Input 




Input 


Buffer 




Buffer 



Data 
Register 



Output 
Multiplexer 



4|| Identification 
Register 



7\ 



Status 
Register 



Power- 
Reduction 
Control 



Y Decoder 



X Decoder 



Data 



v" Comparator 



5ll 



I/O Logic 



Command 

State 
Machine 
(CSM) 



- W 

- G 
-RP 



Write 
State 
Machine 
(WSM) 



Program/ 
Erase 

Voltage 
Switch 



-Vpp 



Y Gating /Sensing 


16K-Byte 
Boot 
Block 


8K-Byte 
Parameter 
Block 


8K-Byte 
Parameter 
Block 


96K-Byte 
Main 
Block 


128K-Byte 
Main 
Block 


128K-Byte 
Main 
Block 


128K-Byte 
Main 
Block 


—i— 


_i_ 


-J— 


— i— 


— i— 


— f_ 





architecture 

The TMS28F400BZx uses a blocked architecture to allow independent erasure of selected memory blocks. Any 
address within a block address range selects that block for the required read, program, or erase operation. 

block memory maps 

The TMS28F400BZx is available with the block architecture mapped in either of two configurations: the boot 
block located at the top or at the bottom of the memory array, as required by different microprocessors. The 
TMS28F400BZB (bottom boot block) is mapped with the 1 6K-byte boot block located at the low-order address 
range (QOOOOh to OtFFFh). The TMS28F400BZT (top boot block) is inverted with respect to the 
TMS28F400BZB with the boot block located at the high-order address range (3E000h to 3FFFFh) . Both of these 
address ranges are for word-wide mode. Figure 2 and Figure 3 show the memory maps for these 
configurations. 
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block memory maps (continued) 



Addesss 
Range 


x8 Configuration 


xl 6 Configuration 


Addesss 
Range 


7FFFFh 


Boot Block 




Boot Block 


3FFFFH 




16K Addresses 




8K Addresses 


ocnnnh 


7BFFFh 


Parameter Block 




Pa mm At Ar Blnflr 


3DFFFH 


7A000H 


8K Addresses 




4K Addresses 


3D000h 


79FFFh 


Parameter Block 




Daramatar Rlrir*lr 
mraiiioitfi diuvk 


3CFFFH 


78000H 


oiv Aoaresses 




4K Addresses 


3C000H 


77FFFH 


Main Block 




Main Block 


3BFFFH 


eooooh 


96K Addresses 




48K Addresses 


30000h 


SFFFFh 


Main Block 




Main Block 


2FFFFH 


40000h 


128K Addresses 




64K Addresses 


20000h 


3FFFFH 


Main Block 




Main Block 


IFFFFh 


20000h 


128K Addresses 




64K Addresses 


10000h 


IFFFFh 


Main Block 




Main Block 


OFFFFh 


OOOOOh 


128K Addresses 




64K Addresses 


OOOOOh 



DQ15/A-1 Is LSB Address AO Is LSB Address 

Figure 1. TMS28F400BZT (Top Boot Block) Memory Map 



Addesss 
Range 


x8 Configuration 


x1 6 Configuration 


Addesss 
Range 


7FFFFh 


Main Block 




Main Block 


3FFFFh 


60000h 


128K Addresses 




64K Addresses 


30000h 


5FFFFh 


Main Block 




Main Block 


2FFFFh 


40000h 


128K Addresses 




64K Addresses 


20000h 


3FFFFh 


Main Block 




Main Block 


IFFFFh 


20000h 


128K Addresses 




64K Addresses 


lOOOOh 


IFFFFh 


Main Block 




Main Block 


OFFFFh 


08000h 


96K Addresses 




48K Addresses 


04000h 


07FFFh 


Parameter Block 




Parameter Block 


03FFFh 


06000H 


8K Addresses 




4K Addresses 


03000h 


05FFFh 


Parameter Block 




Parameter Block 


02FFFh 


04000H 


8K Addresses 




4K Addresses 


02000h 


03FFFh 


Boot Block 




Boot Block 


01 FFFh 


OOOOOh 


16K Addresses 




8K Addresses 


OOOOOh 



DQIS/A.i Is LSB Address AO Is LSB Address 



Figure 2. TMS28F400BZB (Bottom Boot Block) Memory Map 
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boot-block data protection 

The 1 6K-byte boot block is used to store key system data that is seldom changed in normal operation. To protect 
data within this memory sector, the RP terminal can be used to provide a lockout to eliminate accidental erase 
or program operations. When RP is operated with normal TTL/CMOS logic levels, the contents of the boot block 
cannot be erased or reprogrammed. Changes to the contents of the boot block can be made only when RP is 
at Vhh (nominally 1 2 V) during normal write/erase operations. 

parameter block 

Two parameter blocks of 8K bytes each can be used like a scratch pad to store frequently updated data. 
Alternately, the parameter blocks can be used for additional boot- or main-block data. If a parameter block is 
used to store additional boot-block data, caution should be exercised because the parameter block does not 
have the boot-block data-protection safety feature. 

main block 

Primary memory on the TMS28F400BZx is located in four main blocks. Three of the blocks have storage 
capacity of 1 28K bytes and the fourth block has storage capacity of 96K bytes. 

command state machine (CSM) 2 

The CSM is the interface between an external microprocessor and the write state machine and status register O 
on the memory chip. When the WSM has completed a task, the WSMS bit (SB7) is set to a logic high (1 ), allowing yZ 
the CSM to respond to the full command set. ^ 

status register (SR) — 

The status register provides a means of determining whether the state of a program/erase operation is pending 

or complete. The status register is read by writing a read-status command to the CSM and reading the resulting O 

status code on I/O terminals DQ0-DQ7. This is valid for operation in either the byte- or word-wide mode. When LL 

the device is operating in the word-wide mode, the high order l/Os (DQ8-DQ1 5) are setto OOh when performing Z 

a read-status operation. ^ 

After a read-status command has been given, the data appearing on DQ0-DQ7 remains as the status register £J 
data until a new command is issued to the CSM. To return the device to other modes of operation, a new -p 
command must be issued to the CSM. ^ 

Register data is updated on the falling edge of 3 or E. The latest falling edge of either of these two signals ^ 
updates the latch within a given read cycle. Latching data prevents errors from occurring should the register O 
input change during a status-register read. To ensure that the status-register output contains updated status ^ 
data, E or G must be toggled for each subsequent status read. 

The status register provides the internal state of the WSM to the external microprocessor. During periods when 
the WSM is active, the status register can be polled to determine the WSM status (WSMS) . Table 1 defines the 
status register bits and their functions. 
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status registsr (SR) (continued) 



Table 1. Status Register Bit Definitions and Functions 



STATUS 
BIT 


FUNCTION 


DATA 


COMMENTS 


SB7 


Write-state-machine status 
(WSMS) 


1 = Ready 
0 x Busy 


if SB7 = 0, the WSM has not completed an erase or programming 
operation. If SB7 = 1 (ready), other polling operations can be 
performed. SB7 does not automatically update WSM status at the 
completion of a WSM task. If the WSM status bit shows busy (0), 
the user must periodically toggle E or G to determine when the 
WSM has completed an operation (SB7 = 1 ). 


SB6 


Erase-suspend status 
(ESS) 


1 = Erase suspended 
0= Erase in progress or 
completed 


When an erase-suspend command is issued, the WSM halts 
execution and sets the ESS bit high (SB6 = 1) indicating that the 
erase operation has been suspended. The WSMS bit is also set 
high (SB7 * 1) indicating that the erase-suspend operation has 
been successfully completed. The ESS bit remains at a high level 
until an erase-resume command is input to the CSM (code DOh ). 


SB5 


Erase status 
(ES) 


1 = Block erase error 
0= Block erase good 


SB5 = 0 indicates that a successful block erasure has occurred. 
SB5 ■ 1 indicates that an erase error has occurred. In this case, 
the WSM has completed the maximum allowed erase pulses 
determined by the internal algorithm, but this was insufficient to 
completely erase the device. 


SB4 


Program status 
(PS) 


1 = Byte/word program error 
0= Byte/word program good 


SB4 = 0 indicates successful programming has occurred at the 
addressed block location. SB4 = 1 indicates that the WSM was 
unable to correctly program the addressed block location. 


SB3 


Vpp status 
(VPPS) 


1 ■ Program abort: 

Vpp too low 
0= Vpp good 


SB3 provides information on the status of Vpp during 
programming. If Vpp is too low after a program or erase command 
has been issued, SB3 is set to a 1 indicating that the programming 
operation is aborted. The Vpp status bit is not assured to give 
accurate feedback between VppH and Vppi_. 


SB2- 
SBO 


Reserved 




These bits should be masked out when reading the status 
register. 



operation 

Device operations are selected by entering standard JEDEC 8-bit command codes with conventional 
microprocessor timing into an on-chip CSM through I/O terminals DQ0-DQ7. When the device is powered up, 
internal reset circuitry initializes the chip to a read-array mode of operation. Changing the mode of operation 
requires a command code to be entered into the CSM. Table 2 lists the CSM codes for all modes of operation. 

The on-chip status register allows the progress of various operations to be monitored. The status register is 
interrogated by entering a read-status register command into the CSM (cycle 1) and reading the register data 
on I/O terminals DQ0-DQ7 (cycle 2). Status-register bits SBO through SB7 correspond to DQO through DQ7. 
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operation (continued) 

Table 2. Command State Machine Codes for Device Mode Selection 



COMMAND 




CODE ON 


DEVICE MODE 


DQ0-DQ7T 




OOh 


Invalid /Reserved 


10h 


Alternate Program Setup 


20h 


Block-Erase Setup 


40h 


Program Setup 


50h 


Clear Status Register 


70h 


Read Status Register 


90h 


Algorithm Selection 


BOh 


Erase Suspend 


DOh 


Erase Resume/Block-Erase Confirm 


FFh 


Read Array 



t DQO is the least significant bit. DQ8-DQ15 are any valid 2-state 
level. 



command definition 

Once a specific command code has been entered, the WSM executes an internal algorithm generating the 
necessary timing signals to program, erase, and verify data. See Table 3 for the CSM command definitions and 
data for each of the bus cycles. 

Following the read-algorithm-selection-code command, two read cycles are required to access the 
manufacturer-equivalent code and the device-equivalent code as shown in Table 4 and Table 5. 



Table 3. Command Definitions 



COMMAND 


BUS 
CYCLES 
REQUIRED 


FIRST BUS CYCLE 


SECOND BUS CYCLE 


OPERATION 


ADDRESS 


CSM 
INPUT 


OPERATION 


ADDRESS 


DATA 
IN/OUT 


Read Operations 


Read Array 


1 


Write 


X 


FFh 


Read 


X 


Data Out 


Read Algorithm-Selection Code 


3 


Write 


X 


90h 


Read 


AO 


M/D 


Read Status Register 


2 


Write 


X 


70h 


Read 


X 


SRB 


Clear Status Register 


1 


Write 


X 


50h 








Program Mode 


Program Setup /Program 
(byte/word) 


2 


Write 


PA 


40h or10h 


Write 


PA 


PD 


Erase Operations 


Block-Erase Setup/ 
Block-Erase Confirm 


2 


Write 


BEA 


20h 


Write 


BEA 


DOh 


Erase Suspend/ 
Erase Resume 


2 


Write 


X 


BOh 


Write 


X 


DOh 



Legend: 






BEA 


Block-erase address. Any address selected within a block sel< 


jets that block for 


M/D 


Manufacturer-equivalent/device-equivalent code 




PA 


Address to be programmed 




PD 


Data to be programmed at PA 




SRB 


Status-register data byte that can be found on DQ0- DQ7 
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byte-wide or word-wide mode selection 

The memory array is divided into two parts: an upper half byte that outputs data through l/Os DQ8-DQ1 5 and 
a lower half byte that outputs data through DQO- DQ7. D evice o peratio n in eit her byte-wide or word-wide mode 
is user-selectable and is determined by the logic state of BYTE. When BYTE is at a l ogic hi gh level, the device 
is in the word-wide mode and data is written to or read from l/Os DQ0-DQ1 5. When BYTE is at a logic low, the 
device is in the byte-wide mode and data is written to or read from l/Os DQ0-DQ7. In the byte-wide mode, l/Os 
DQ8-DQ14 are placed in the high-impedance state and DQ15/A_i becomes the low-order address terminal 
and selects either the upper or lower half of the array. Array data from the upper half (DQ8-DQ1 5) and the lower 
half (DQ0-DQ7) are multiplexed and appear on DQ0-DQ7. Table 4 and Table 5 summarize operations for 
word-wide mode and byte-wide mode. 



Table 4. Operation Modes for Word-Wide Mode (BYTE = V, H ) 



MODE 


E 


G 


RP 


w 


A9 


AO 


Vpp 


DQ0-DQ15 


Read 


V|L 


V|L 


V|H 


V| H 


X 


X 


X 


Data out 


Algorithm-selection mode 


V|L 


V|L 


V|H 


V|H 


V|D 


V|L 


X 


Manufacturer-equivalent code 0089h 


V, L 


V|L 


V|H 


V|H 


V|D 


V|H 


X 


Device-equivalent code 4470h 
(top boot block) 


Device-equivalent code 4471 h 
(bottom boot block) 


Output disable 


V, L 


V| H 


V IH 


V| H 


X 


X 


X 


High impedance 


Standby 


V|H 


X 


V IH 


X 


X 


X 


X 


High impedance 


Reset/deep power down 


X 


X 


V|L 


X 


X 


X 


X 


High impedance 


Write (see Note 1) 


V, L 


V|H 


V IH or 

vhh 


V|L 


X 


X 


VppLpr 
VpPH 


Data in 



Table 5. Operation Modes for Byte-Wide Mode (BYTE = V IL ) 



MODE 


E 


G 


RP 


w 


A9 


AO 


Vpp 


DQ15/A_-, 


DQ8-DQ14 


DQ0-DQ7 


Read lower byte 


V|L 


V|L 


V|H 


V|H 


X 


X 


X 


V|L 


Hi-Z 


Data out 


Read upper byte 


V|L 


V, L 


V, H 


V|H 


X 


X 


X 


V, H 


Hi-Z 


Data out 


Algorithm-selection 
mode 


V|L 


V|L 


V IH 


V|H 


V|D 


V|L 


X 


X 


Hi-Z 


Manufacturer-equivalent 
code 89h 


V|L 


V|L 


V| H 


V|H 


V|D 


VlH 


X 


X 


Hi-Z 


Device-equivalent code 
70h (top boot block) 


Device-equivalent code 
71 h (bottom boot block) 


Output disable 


V|L 


V| H 


V| H 


V|H 


X 


x 


X 


X 


Hi-Z 


High impedance 


Standby 


V| H 


X 


V|H 


X 


X 


X 


X 


X 


Hi-Z 


High impedance 


Reset/deep power 
down 


X 


X 


V|L 


X 


X 


X 


X 


X 


Hi-Z 


High impedance 


Write (see Notel) 


V|L 


V|H 


V| H or 

v HH 


V|L 


X 


X 


VpPL 

or 
VppH 


X 


Hi-Z 


Data in 



NOTE 1 : When writing commands to the '28F400BZx, Vpp must be Vppn for block-erase or program commands to be executed and RP must 
be held at Vhh for the entire boot-block program or erase operation. 
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command state machine (CSM) operations 

The CSM decodes instructions for read array, read algorithm-selection code, read status register, clear status 
register, program, erase, erase suspend, and erase resume. The 8-bit command code is input to the device on 
DQ0-DQ7 (see Table 2 for CSM codes). During a program or erase cycle, the CSM informs the WSM that a 
program or erase cycle has been requested. During a program cycle, the WSM controls the program sequences 
and the CSM responds only to status reads. 

During an erase cycle, the CSM responds to status reads and the erase suspend command. When the WSM 
has completed its task, the WSM status bit (SB7) is set to a logic high and the CSM responds to the full command 
set. The CSM stays in the current command state until the microprocessor issues another command. 

The WSM successfully initiates an erase or program operation only when Vpp is within its correct voltage range 
(VppH). For data protection, it is recommended that RP be held at a logic low during a CPU reset. 

read operations 

There are three read operations available: read array, read algorithm-selection code, and read status register. 
read array 

The array is read by entering the command code FFh on DQ0-DQ7. Control terminals E and G must be at a 
logic low (V|l) and W and RP must be at a logic high (Vj H ) to read data from the array. Data is available on 
DQ0-DQ15 (word-wide mode) or DQ0-DQ7 (byte-wide mode). Any valid address within any of the blocks 
selects that block and allows data to be read from the block. 

read algorithm-selection code 

Algorithm-selection codes are read by entering command code 90h on DQ0-DQ7. Two bus cycles are required 
for this operation. The first bus cycle is used to enter the command code and the second bus cycle isused to 
read the device-equivalent code. Control terminals E and G must be at a logic low ( V|_) and W and RP must 
be at a logic high (Vih). Two identifier bytes are accessed by toggling AO. The manufacturer-equivalent code 
is obtained on DQ0-DQ7 with AO at a logic low (V|l). The device-equivalent code is obtained when AO is set 
to a logic high (Vih). Alternately, the manufacturer- and device-equivalent codes can be read by applying V| D 
(nominally 1 2 V) to A9 and selecting the desired code by toggling AO high or low. All other addresses are don't 
care (see Table 3, Table 4, and Table 5). 

read status register 

The status register is readby entering the command code 70h on DQ0-DQ7. Control terminals E and G must 
be at a logic low ( Vjl) and W and RP must be at a logic high ( V|h ) . Two bus cycles are required for this operation: 
one to enter the command code and a second to read the status register. In a given read cycle, status register 
contents are updated on the falling edge of E or G, whichever occurs last within the cycle. 

clear status register 

The internal circuitry can set only the Vpp status bit (SB3), the program status bit (SB4) and the erase status 
bit (SB5) bits of the status register. The clear status register command (50h) allows the external microprocessor 
to clear these status bits and synchronize to internal operations. When the status bits are cleared, the device 
returns to the read array mode. 

boot-block programming/erasing 

Should changes to the boot block be required, RP must be set to Vh h 0 2 v ) and V PP to the programming voltage 
level (Vppn). If an attempt is made to write, erase or erase-suspend the boot block without RP at Vhh. an error 
signal is generated on SB4 (program-status bit) or SB5 (erase-status bit). 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing FFh or FFFFh during the second cycle, the CSM responds only to status 
reads. When the WSM status bit (SB7) is set to a logic high, signifying the nonprogram operation is terminated, 
all commands to the CSM become valid again. 
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normal programming 

There are two CSM commands for programming: program setup and alternate program setup 
(see Table 2). After the desired command code is entered, the WSM takes over and correctly sequences the 
device to complete the program operation. During this time, the CSM responds only to status reads until the 
program operation has been completed, after which all commands to the CSM become valid again. Once a 
program command has been issued, the WSM cannot normally be interrupted until the program algorithm has 
been completed (see Figure 4 and Figure 4). Taking RP to V||_ during programming aborts the program 
operation. During programming, Vpp must remain at Vppn . Only Os are written and compared during a program 
operation. If 1s are programmed, the memory cell contents do not change and no error occurs. 

A program-setup command can be aborted by writing FFh (in byte-wide mode) or FFFFh (in word-wide mode) 
during the second cycle. After writing all 1 s during the second cycle, the CSM responds only to status reads. 
When the WSM status bit (SB7) is set to a logic high, signifying the nonprogram operation is terminated, all 
commands to the CSM become valid again. 

erase operations 

There are two erase operations that can be performed by the TMS28F400BZx devices: block erase and erase 
suspend/erase resume. An erase operation must be used to initialize all bits in an array block to 1s. After 
block-erase confirm is issued, the CSM responds only to status reads or erase-suspend commands until the 
WSM completes its task. 

block erasure 

Block erasure inside the memory array sets all bits within the addressed block to logic Is. Erasure is 
accomplished only by blocks; data at single address locations within the array cannot be individually erased. 
Any valid address within the parameter or main blocks acts as a block selector and allows that block to be 
erased. RP must be at Vhh for changing the data content of the boot block. Block erasure is initiated by a 
command sequence to the CSM: block-erase setup (20h) followed by block-erase confirm (DOh). A 
two-command erase sequence protects against accidental erasure of memory contents. 

Erase setup and confirm commands are latched on the rising edge of E or W, whichever occurs first. Block 
addresses are latched during the block-erase-confirm command on the rising edge of E or W (see Figure 5). 
When the block-erase-confirm command is complete, the WSM automatically executes a sequence of events 
to complete the block erasure. During this sequence, the block is programmed with logic Os, data is verified, 
all bits in the block are erased, and finally, verification is performed to ensure that all bits are correctly erased. 
Monitoring of the erase operation is possible through the status register (see read status register). 

erase suspend/erase resume 

During the execution of an erase operation, the erase-suspend command (BOh) can be entered to direct the 
WSM to suspend the erase operation. Once the WSM has reached the suspend state, it allows the CSM to 
respond only to the read-array, read-status-register, and erase-resume commands. During the erase-suspend 
operation, array data should be read from a block other than the one being erased. To resume the erase 
operation, an erase-resume command (DOh) must be issued to cause the CSM to clear the suspend state 
previously set (see Figure 5 and Figure 10). 

automatic power-saving mode 

Substantial power savings can be realized during periods when the array is not being read. During this time, 
the device switches to the automatic power-saving mode. When the device switches to this mode, Ice is typically 
reduced from 40 mA to 1 mA (Iout = 0 mA )- The ,ow ,evel °f power is maintained until another read operation 
is initiated. In this mode, the I/O terminals retain the data from the last memory address read until a new address 
is read. This mode is entered automatically if no address or control pins toggle within a 200-ns time-out period. 
At least one transition on E must occur after power up to activate this mode. 
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reset/deep power-down mode 

Very low levels of power consumption can be attained by using a special terminal, RP, disable internal device 
circuitry. When RP is at a CMOS logic low of 0.0 V ± 0.2 V, an Iqc value on the order of 0.2 \iA, or 1 jiW of power, 
is achievable. This is important in portable applications where extended battery life is of major concern. 

A recovery time is required when exiting from deep power-down mode. For a read-array operation, a minimum 
of 300 ns is required before data is valid, and a minimum of 21 5 ns in deep power-down mode is required before 
data input to the CSM can be recognized. With RP at ground, the WSM is reset and the status register is cleared, 
effectively eliminating accidental programming to the array during system reset. After restoration of power, the 
device does not recognize any operation command until RP is returned to a V|h or Vhh '© v ©I- 

Should RP become low during a program or erase operation, the device becomes nonfunctional (is in a 
power-down state) and data being written or erased is invalid or indeterminate, requiring that the operation be 
performed again after power restoration. 
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c 



Start 



Writ* Program-Setup 
Command, Byte Address 



Write Byte 
Address/Data 










i 


«— 

r 




Read Status- 
Register Bit 







Yes 



Full Status-Register 
Check If Selected 



See Note A 




BUS 
OPERATION 


COMMAND 


COMMENTS 


wnio 


VA/ritn 

wriie 

program 

setup 


uaiB s *Hjn or i un 
Addr = Address of 
byte to be 
programmed 


Write 


Write data 


Data = Byte to be 
programmed 

Addr = Address of 
byte to be 
programmed 


Read 




Status register data. 
Toggle Ca or E to update 
status register. 


Standby 




Check SB7 

1 = Ready, 0 = Busy 


Repeat for subsequent bytes. 

Write FFh after the last byte-programming operation to 

reset the device to read array mode. 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Standby 




Check SB3 
1 ■ Detect Vpp low 
(see Note B) 


Standby 




Check SB4 

1 x Byte program error 
(see Note C) 



^Byte Program Passed ^ 



NOTES: A. Full status-register check can be done after each word or after a sequence of words. 

B. SB3 must be cleared before attempting additional program /erase operations. 

C. SB4 is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts. 

Figure 3. Automated Byte-Programming Flowchart 
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C 



Start 

zsz 



Write Program-Setup 
Command, Word 
Addrtaa 



Write Word 
Addraaa/Data 




i 






4 

f 




Read Statue 
Reglater 




^SB7 ■ 1^ NO 



Yea 



Full Status-Register 
Check If Selected 



See Note A 



C 



Word Program 
Completed 



3 



FULL STATUS-REGISTER-CHECK FLOW 




-a ^pp Range Erro^ 

<Word Program^ 
Failed J 



BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Write 

program 

setup 


Addr = Address of 
word to be 
programmed 


Write 


Write data 


Data = Word to be 
programmed 

Addr = Address of 
word to be 
programmed 


Read 




Status register data. 
Toggle G or E to update 
status register. 


Standby 




Check SB7 

1 = Ready, 0 = Busy 


Repeat for subsequent words. 

Write FFh after the last word-programming operation to 

reset the device to read array mode. 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Standby 




Check SB3 
1 = Detect Vpp low 
(see Note B) 


Standby 




Check SB4 
1 = Word program 
failed 

(see Note C) 



NOTES: A Full status-register check can be done after each word or after a sequence of words. 

B. SB3 must be cleared before attempting additional program /erase operations. 

C. SB4 is cleared only by the clear-status-register command, but it does not prevent additional program operation attempts. 

Figure 4. Automated Word-Programming Flowchart 
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C 



Start 



J 



Write Erase-Setup- 
Command Block Address 



Write Block-Erase-Command 
Block Address 



Read Status- 
Register Bit 




Full Status-Register 
Check If Selected 



See Note A 



FULL STATUS-REGISTER CHECK FLOW 




» ^ Vpp Range Error ^ 



Command Sequence A 
Error J 



Block Erase Failed 



BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Write erase 
setup 


Data - 20h 

Block Addr = Address 
within 
block to 
be 

erased 


Write 


Erase 


Data = DOh 

Block Addr = Address 
within 
block to 
be 

erased 


Read 




Status register data. 
Toggle G or E to update 
status register 


Standby 




Check SB7 

1 = Ready, 0 = Busy 


Repeat for subsequent blocks. 

Write FFh after the last block-erase operation to resetthe 

device to read array mode. 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Standby 




Check SB3 
1 ■ Detect Vpp low 
(see Note B) 


Standby 




Check SB4 and SB5 
1 * Block-erase 
command error 


Standby 




Check SB5 

1 = Block erase failed 
* (see Note C) 



NOTES: A. Full status-register check can be done after each word or after a sequence of words. 

B. SB3 must be cleared before attempting additional program /erase operations. 

C. SB5 is cleared only by the clear-status-register command in cases where multiple blocks are erased before full status is checked. 

Figure 5. Automated Block-Erase Flowchart 
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C 



Start 



3 



Write Erase-Suspend 
Command 






4 




f 




Read Status-Register 
Bit 







Yes 



Yes 



Write Memory-Read 
Command 



Erase Complete 




BUS 
OPERATION 


COMMAND 


COMMENTS 


Write 


Erase 
suspend 


Data = BOh 


Read 




Status register data. 
Toggle G or E to update 
status register. 


Standby 




Check SB7 
1 ■ Ready 






1 = Suspended 


Writ* 


Read 
memory 


Hata — PPh 

uoxa — rrn 


Read 




Read data from block 
other than that being 
erased. 


Write 


Erase 
resume 


Data = DOh 



See Note A 



NOTE A: Refer to automated block-erase flowchart for complete erasure procedure. 

Figure 6. Erase-Suspend/Resume Flowchart 



Texas 
Instruments 



POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 7-129 



TMS28F400BZT, TMS28F400BZB 
4194304-BIT BOOT-BLOCK FLASH MEMORY 



SMJS400B - JUNE 1 994 - REVISED JUNE 1995 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc ( see Note 2 ) • • • - 0.6 V to 7 V 

Supply voltage range, Vpp (see Note 2) ... - 0.6 V to 14 V 

Input voltage range: AIMnputs except A9, RP . - 0.6 V to Vcc + 1 V 

RRA9 (see Note) -0.6 Vto 13.5 V 

Output voltage range (see Note 4) - 0.6 V to Vcc + 1 v 

Operating free-air temperature range, Ta, during read/erase/program: L suffix 0°C to 70°C 

Esuffix -40°Cto85°C 

Q suffix -40°Cto125°C 

Storage temperature range, T stg — -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 2. All voltage values are with respect to Vss- 

3. The voltage on any input can undershoot to - 2 V for periods less than 20 ns. 

4. The voltage on any output can overshoot to 7 V for periods less than 20 ns. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


During write/read/erase/er 




'28F400BZx-6 


4.75 5 5.25 


V 


ase suspend 


All others 


4.5 5 5.5 




During read only (Vppl) 


0 6.5 


V 


Vpp Supply voltage 


During write/erase/erase suspend (Vppn) 


11.4 12 12.6 


V 


V|H High-level dc input voltage 




TTL 


2 Vcc + 05 


V 




CMOS 


Vcc -0.5 Vcc + 0.5 


V 


V|l Low-level dc input voltage 




TTL 


-0.5 0.8 


V 




CMOS 


Vss -0.2 Vss + 0.2 


V 


v LKO V CC lock-out voltage from write/erase 


2 


V 


Vhh RP unlock voltage 


11.5 12 13 


V 


word/byte-write and block-erase performance, Ta = 25°C, Vpp = 12 V (see Note 5) 


PARAMETER 


'28F400BZX-6 


'28F400B2X-70 


*28F400BZx-80 


'28F400BZX-90 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


Main-block erase time 


2.2 


2.2 


2.2 


2.2 


s 


Main-block byte-program 
time 


3.2 


3.2 


3.2 


3.2 


s 


Main-block word-program 
time 


1.6 


1.6 


1.6 


1.6 


s 


Parameter/boot-block 
erase time 


0.32 


0.32 


0.32 


0.32 


s 



NOTE 5: Excludes system-level overhead 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature using test conditions given in Table 6 (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


VOH 


High-level output voltage 




Vcc = 4 -5 V, Ioh = - 2.5 mA 


2.4 


V 


vol 


Low-level output voltage 




Vcc ■ 45 V, lOL * 58 mA 


0.45 


V 


V|D 


A9 selection code voltage 






11.5 


13 


V 


ii 


Input current (leakage), except for A9 when A9 = V|q 


Vcc * 5.5 V, V| - 0 V to 5.5 V 


±1 






A9 selection code current 




A9 = V| D 


500 


HA 


Idd 
'Mr 


RP boot-block unlock current 






500 


HA 


»0 


Output current (leakage) 




Vcc = 5 5 V, Vo - 0 V to Vcc 


±10 


[iA 


ipps 


Vpp standby current (standby) 




Vpp * Vcc 


10 


HA 


•PPL 


Vpp supply current (reset/deep power-down mode) 


nr = »ss * 0.<c V 


5 


..A 


IPP1 


Vpp supply current (read) 




Vpp > Vcc 


200 


..A 

|iA 


Ipp2 


Vpp supply current (active byte write) 




Vpp = VppH, 
Programming in progress 


30 


mA 


Ipp3 


Vpp supply current (active word write) 




Vpp = VppH, 
Programming in progress 


40 


mA 


•PP4 


Vpp supply current (block erase) 




Vpp=V P pH, 

Block erase in progress 


30 


mA 


>PP5 


Vpp supply current (erase suspend) 




Vpp = VppH, 

Block erase suspended 


200 


MA 


ices 


Vcc supply current 


TTL-input level 


Vcc»5.5V, E = RP = V|H 


1.5 


mA 


(standby) 


CMOS-input level 


\/_ _ _ C C \/ E" _ DO _ \/., , 

VCC ***** • r\r = vjj-j 


100 




•CCL 


Vcc supply current (reset/deep power- 


0°Cto70°C 
-40°Cto85°C 


RP s V$s ± 0.2 V 


1.2 


jiA 








-40°Cto125°C 


8 


MA 


«CC1 


Vcc supply current 


TTL-input level 


Vcc = 5.5V, E = V| L , 

U 10 MHz, loUT'OrnA 


60 


mA 


(active read) 


CMOS-input level 


Vcc ■ 5.5 V, E ■ Vss ± 0 2 V, 
f=10MHz, loUT = 0mA 


55 


mA 


»CC2 


Vcc supply current (active byte write) (see 


Notes 10 and 11) 


Vcc s 5.5 V, 
Programming in progress 


60 


mA 


«CC3 


Vcc supply current (active word write) (see 


Notes 10 and 11) 


Vcc "5.5 V, 
Programming in progress 


65 


mA 


•CC4 


Vcc supply current (block erase) (see Notes 10 and 11) 


Vcc 88 5.5 V, 

Block erase in progress 


30 


mA 


'CC5 


Vcc supply current (erase suspend) (see Notes 10 and 11) 


V C C = 5.5 V, E=V| Hl 
Block erase suspended 


10 


mA 



NOTES: 6. Not 1 00% tested; characterization data available 



7. All current values are RMS unless otherwise noted. 



Table 6. AC Test Conditions 



SPEED DESIGNATOR 


lOL 
(mA) 


'OH 
(mA) 


v z t 

(V) 


vol 

(V) 


VOH 
(V) 


V|L 
(V) 


V| H 
(V) 


CLOAD 
(PF) 


tf 

(ns) 


tr 

(ns) 


TEMPERATURE 


-6 


5.8 


-2.5 


1.5 


1.5 


1.5 


0 


3.0 


30 


<10 


<10 


0°Cto70°C 


-70,-80, -90 


5.8 


-2.5 


1.5 


0.8 


2.0 


0.45 


2.4 


100 


<10 


<10 


-40°Cto125°C 



t Vz is the measured value used to detect high impedance. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz,V| = 0V 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Cj 


Input capacitance 




8 


PF 


Co 


Output capltance 


Vo = OV 


12 


PF 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


ALT. 


'28F400BZX-6 


'28F400BZX-70 


'28F400BZX-80 


'28F400BZX-90 


UNIT 


SYMBOL 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*a(A) 


MCCoSS IliTio TrpiTi MU— AM f 


tAVQV 


60 


70 


80 


90 


ns 


*a(E) 


Access time from I 


*ELQV 


60 


70 


80 


90 


ns 


*a(G) 


Access time from G 


toi r\\i 


30 


35 


40 


45 


ns 


tc(R) 


Cycle time, read 


tAVAV 


60 


70 


80 


90 


ns 


KJ(E) 


Delay time, E low to 
low-impedance output 


t£|_Qx 


0 


0 




0 


ns 


td(G) 


Delay time, G low to 
low-impedance output 


tGLQX 


0 


0 


o 


0 


ns 


tdis(E) 


Disable time, E to 
high-impedance output 


*EHQZ 


20 


25 


30 


35 


ns 


tdis(G) 


Disable time, G to 
high-impedance output 


kaHQZ 


20 


25 


30 


35 


ns 


th(D) 


Hold time,_DQ valid from 
A0-A17, E, or (a, whichever 
occurs first 


tAXQX 


0 


0 


0 


0 


ns 


tsu(EB) 


Setup time, BYTE from E low 


tELFL 
tELFH 


5 


5 


5 


5 


ns 


*d(RP) 


Output delay time from RP 
high 


tpHQV 


300 


300 


300 


300 


ns 


tdis(BL) 


Disable time, BYTE low to 
DQ8-DQ15 in 
high-impedance state 


tFLQV 


20 


25 


30 


35 


ns 


tyBH) 


Access time from BYTE 
switching high 


tFHQV 


60 


70 


80 


90 


ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 

write/erase operations — W-controlled writes 





ALT. 
SYMBOL 


'28F400BZX-6 


'28F400BZX-70 


'28F400BZX-80 


'28F400BZX-90 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*c( W ) Cycle time, write 


*AVAV 


60 


70 


80 


90 


ns 


Cycle time, duration of 
■ci w jur programming operation 


*vvnvjv i 


6 


6 


6 


7 


MS 


Cycle time, erase 

*C(W)ERB nnorntinn (hnnt h\nrlt\ 


*WHQV2 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase 

*C(W)ERP upoiauun ^parameter 

block) 


tWHQV3 


ft *5 
U.O 


ft 1 
U.O 


U.O 


ft A 


s 


Cycle time, erase 

vlWltnM onoratinn I main h\r>r*\t\ 


*WHQV4 


0.6 


0.6 


0.6 


0.7 


s 


. Delay time, boot-block 
*d(RPR) r eiock 


tPHBR 


100 


100 


100 


100 


ns 


th(A) Hold time, AO- A1 7 


tWHAX 


10 


10 


10 


10 


ns 


*h(D) Hold time, DQ valid 


*WHDX 


0 


0 


0 


0 


ns 


*h(E) Hold time, E 


*WHEH 


10 


10 


10 


10 


ns 


Hold time, Vpp from valid 
th(VPP) status register bit 


tQWL 


0 


0 


0 


0 


ns 


Hold time.RPatVHH 
tyi(RP) from valid status register 
bit 


*QVPH 


u 


ft 

u 


u 


ft 

u 


ns 


tsu(A) Setup time, A0-A1 7 


tAVWH 


50 


50 


50 


50 


ns 


tsu (D) Setup time, DQ 


l UVWn 


50 


50 


50 


50 


ns 


Setup time, E before write 
tsufE) operation 


t£LWL 


0 


0 


0 


0 


ns 


Setup time, RP at Vhh to 
tsu(RP) w going high 


tPHHWH 


100 


100 


100 


100 


ns 


. Setup time, Vpp to W 
WVPP) going high 


Vpwh 


100 


100 


100 


100 


ns 


tw(W) Pulse duration, W low 


tWLWH 


50 


50 


50 


50 


ns 


*w(WH) Pulse duration, W high 


tWLWL 


10 


V 20 


30 


30 


ns 


Recovery time, RP high 
l rec(RPHW) to W going low 


tPHWL 


215 


215 


215 


215 


ns 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 

write/erase operations — E-controlled writes 





ALT. 
SYMBOL 


'28F400BZX-6 


'28F400BZX-70 


'28F400BZX-80 


'28F400BZX-90 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*c( W) Cycle time, write using E 


tAVAV 


60 


70 


80 


90 


ns 


Cycle time, duration of 
t c(E)OP programming operation 
using! 


*EHQV1 


6 


6 


6 


7 


\iS 


. Cycle time, erase opera- 
k;(E)ERB |j on us j n g e (boot block) 


*EHQV2 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase 
Wp\pdd ooeration usina E 
(parameter block) 


l fcnUVo 


0.3 


0.3 


0.3 


0.4 


s 


Cycle time, erase opera- 
*c(E)ERM tion usjng f ( maln 51^^ 


tEHQV4 


0.6 


0.6 


0.6 


0.7 


s 


. Delay time, boot-block 
*d(RPR) re|ock 


tPHBR 


100 


100 


100 


100 


ns 


*h (A) Hold time » A0-A1 7 


tEHAX 


10 


10 


10 


10 


ns 


thfD) Hold time, DQ valid 


tEHDX 


0 


0 


0 


0 


ns 


th(W) Hold time, W 


tEHWH 


10 


10 


10 


10 


ns 


Hold time, Vpp from valid 
*h(VPP) status-register bit 


tQWL 


0 


o 


o 


0 


ns 


Hold time, RP at Vhh fr° m 
*h(RP) va |j d status-register bit 


tQVPH 


0 


0 


0 


0 


ns 


t su(A) Setup time, A0-A1 7 


*AVEH 


50 


50 


50 


50 


ns 


tsu(D) Setup time, DQ valid 


tDVEH 


50 


50 


50 


50 


ns 


^su( W) Setup time, W before E 


tyVLEL 


o 


0 


o 


0 


ns 


. Setup time, RP at Vhh t0 ^ 
l su(RP) going high 


tPHHEH 


100 


100 


100 


100 


ns 


Setup time, Vpp to E going 
WVPP) high 


Vpeh 


100 


100 


100 


100 


ns 


. Pulse duration, E low, write 
tw (E) using E 


t£LEH 


50 


50 


50 


50 


ns 


Pulse duration, E high, 
w(EH) wnte us j ng £ 


*EHEL 


10 


20 


30 


30 


ns 


. Recovery time, RP high to 
trec(RPHE) f going low 


tPHEL 


215 


215 


215 


215 


ns 
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PARAMETER MEASUREMENT INFORMATION 

N »c(B) H 



A0-A17 



•y 



DQ0-DQ7 (byte wide) 
DQ0-DQ15 (word wide)' 



vcc 



RP 



X 



Address Valid 



X 



• t a (A) 



A 



td(E) 



ta(E) 



*dls(E) -*| 



i 



A 



*r»a(G) ! 



K" «dl»(Q) -+| 



f 



T*^^! t h(D)H « », 



f< — "1 



Hl-Z 



V 



Hl-Z - 



*d(RP) 



Figure 7. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



> 

D 

% 

Z 

o 
m 



■n 
O 

3D 
O 

z 



rUp Write Write Valid Automated Write 

and Program-Setup Address or Byte/Word Read Status- Read-Array 
Standby Command Data Programming Register Bits Command 



A0-A17 




tsu(E)-HH- ■ ■ , 

I -^N-t h(E) 



I 



I 



tw(WH) -ft- 



• tc(W)OP ' 



DQ0-DQ7 
(byte wide) 
DQ0-DQ15 
(word wide) 



Wewlde) 

DQ0-DQ15 



HH t w(W) 

*"! «su(D) 



-*l«-th(D) 





Data 



Hl-Z ■ 



I 



s> — 



40hor10h . 

i ' . n ► wrp) 

* W- trec(RPHW) | 1 



RP 



J- 



z 



k-^H*h(RP) 



Vpp 




M ►t-tsu(VPP) 



th(VPP) 




Figure 8. Write-Cycle Timing (W-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 




5 

o 

LL 



UJ 
O 

z 

% 

a 
< 



Figure 9. Wrlte-Cycle Timing (E-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



Power Up 

and Erase-Setup 
Standby Command 



Write Erase- 
Confirm 
Command 



Automated 
Erase 



Read Status- 
Register Bits 



Write 
Read-Array 
Command 




WHK- J. . 

| -*|U-«h(E) 



T 



> 

$ 

Z 

o 
m 



O 

3D 

s 

5 



tw(WH) 



tc(W)ERB 
- tc(W)ERP ■ 
tc(W)ERM 




Figure 10. Erase-Cycle Timing (W-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



PowtrUp Write 

Program-Setup 
Standby Command 



Write 
Read-Array 
Command 



DQ0-DQ7 
(byte wide) 
DQ0-DQ15 
(word wide) 




Figure 11. Erase-Cycle Timing (E-Controlled Write) 
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PARAMETER MEASUREMENT INFORMATION 



A0-A17 



> 
D 

Z 

o 
m 



Tl 

o 
a 

O 

z 



DQ0-DQ7 



DQ8-DQ14 




Word DQ8-DQ14 



DQ15/A.1 



. Hl-Z . 



^7} — C > - HIZ - 



Word DQ15 



Figure 12. BYTE Timing, Changing From Word-Wide to Byte-Wide Mode 
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PARAMETER MEASUREMENT INFORMATION 



A0-A17 



BYTE 



DQ0-DQ7 



DQ8-DQ14 



DQ15/A_-| 



Address Valid 



. Hl-Z . 



Hl-Z ' 



tc (R) ■ 

ta( A ) ►! 



|« ^(E) 



H M 



|* ►f-t d | 8( G) 



-tsu(EB) 



\ 



*a(BH) 



I 

Byte DQ0-DQ7 

I I 



- tdis(E) 



th(D) 



td(G) 



Word DQ0-DQ7 



Word DQ8-DQ14- 



WordDCHS- 



A_i Input 



o 

Li. 
z 

m 
o 

I 

< 



Figure 13. BYTE Timing, Changing From Byte-Wide to Word-Wide Mode 
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This Data Sheet is Applicable to All 
TMS27C256S and TMS27PC256s Symbolized 
With Code u B"as Described on Page 157. 

• Organization . . . 32K x 8 

• Single 5-V Power Supply 

• Pin Compatible With Existing 256K MOS 
ROMs, PROMs, and EPROMs 

• All Inputs /Outputs Fully TTL Compatible 

• Max Access/Min Cycle Time 
V C c ± 10% 

'27C/PC256-10 100 ns 
'27C/PC256-12 120 ns 
'27C/PC256-15 150 ns 
'27C/PC256-17 170 ns 
'27C/PC256-20 200 ns 
'27C/PC256-25 250 ns 

• Power Saving CMOS Technology 

• Very High-Speed SNAP! Pulse 
Programming 

• 3-State Output Buffers 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• Low Power Dissipation (Vqc -5.5 V) 

- Active ... 165 mW Worst Case 

- Standby . . . 1 A mW Worst Case 
(CMOS Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

• 256K EPROM Available With MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C256) 

description 

The TMS27C256 series are 262144-bit, ultra- 
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC256 series are 262144-bit, one- 
time electrically programmable read-only memo- 
ries. 



J AND N PACKAGES 
(TOP VIEW) 



v PP [ 




28 


]v cc 


A12[ 


2 


27 


] A14 


A7[ 


3 


26 


] A13 


A6[ 


4 


25 


] A8 


A5[ 


5 


24 


] A9 


A4[ 


6 


23 


] A11 


A3[ 


7 


22 


]S 


A2[ 


8 


21 


]A10 


A1[ 


9 


20 


]E 


A0[ 


10 


19 


]DQ7 


DQ0[ 


11 


18 


]DQ6 


DQ1[ 


12 


17 


]DQ5 


DQ2[ 


13 


16 


]DQ4 


GND[ 


14 


15 


]DQ3 



FM PACKAGE 
(TOP VIEW) 

^ cm a. O Tf co 
5<>zjr<< 



A6[ 5 
A5[ 6 
A4[ 7 
A3[ 8 
A2[9 
A1[10 
A0[ 11 
NC[ 12 
DQ0[ 13 



nnnnnnn 

4 3 2 1 32 31 30 



29 
28 
27 
26 
25 



14 15 16 17 18 19 20 



]A8 
]A9 
]A11 
]NC 

24 ]A10 
23 ]E 
22 ] DQ7 
21 ]DQ6 



r M Q 3 (O t IT) 

— z a a a 

Q Q Q 



O Q § 



PIN NOMENCLATURE 


AQ-A14 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable/ Powerdown 




Output Enable 


GND 


Ground 


NC 


No Internal Connection 


NU 


Make No External Connection 


v C c 


5-V Power Supply 


Vpp 


13-V Power Supply 
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description (continued) 

These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external 
resistors. 

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C256 and the 
TMS27PC256 are pin compatible with 28-pin 256K MOS ROMs, PROMs, and EPROMs. 

The TMS27C256 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting-hole rows on 15,2-mm (600-mil) centers. The TMS27PC256 OTP PROM is offered in a dual-in-line 
plastic package (N suffix) designed for insertion in mounting-hole rows on 15,2-mm (600-mil) centers. The 
TMS27PC256 OTP PROM is also supplied in a 32-lead plastic leaded chip-carrier package using 1,25-mm 
(50-mil) lead spacing (FM suffix). 

The TMS27C256 and TMS27PC256 are offered with two choices of temperature ranges of 0°C to 70°C (JL, 
NL, and FML suffixes) and - 40°C to 85°C (JE, NE, and FME suffixes). The TMS27C256 and the TMS27PC256 
are also offered with 168-hour burn-in on both temperature ranges (JL4, FML4, JE4, and FME4 suffixes); see 
table below. 

All package styles conform to JEDEC standards. 



EPROM AND 
OTP PROM 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 
168-HR. BURN-IN 
VS TEMPERATURE RANGES 


0°CTO70°C 


-40°CT085°C 


0°CTO70°C 


-40°CTO85°C 


TMS27C256-XXX 


JL 


JE 


JL4 


JE4 


TMS27PC266-XXX 


NL 


NE 


NL4 


NE4 


TMS27PC256-XXX 


FML 


FME 


FML4 


FME4 



These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 1 3- V supply is needed for programming . All programming signals 
are TTL level. These devices are programmable by the SNAP! Pulse programming algorithm. The SNAP! Pulse 
programming algorithm uses a Vpp of 1 3 V and a Vqc of 6.5 V for a nominal programming time of four seconds. 
For programming outside the system, existing EPROM programmers can be used. Locations can be 
programmed singly, in blocks, or at random. 
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operation 



The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TTL level exceptfor Vpp during programming (1 3 Vfor SNAP! Pulse) , and 1 2 V on A9 for the signature 
mode. 



FUNCTION 


MODET 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE 
MODE 


E 


V|L 


V|L 


V| H 


V|L 


V|H 


V|H 


V|L 




V|L 


V|H 


X 


V|H 


VlL 


X 


V|L 


Vpp 


vcc 


vcc 


vcc 


Vpp 


Vpp 


Vpp 


vcc 


vcc 


vcc 


vcc 


vcc 


vcc 


vcc 


vcc 


vcc 


A9 


X 


X 


X 


X 


X 


X 


v H * 


v H * 


AO 


X 


X 


X 


X 


X 


X 


V|L 


V|H 


DQ0-DQ7 


Data Out 


Hl-Z 


Hi-Z 


Data In 


Data Out 


Hi-Z 


CODE 


MFG 


DEVICE 


97 


04 



t X can be V|l or V|h- 
*Vh = 12V±0.5V. 



read/output disable 

When the outputs of two or more TMS27C256S or TMS27PC256S are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins DQO through DQ7. 

latchup immunity 

Latchup immunity on the TMS27C256 and TMS27PC256 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.O. board level when the devices 
are interfaced to industry-standard TTL or MOS logic devices. Input-output layout approach controls latchup 
without compromising performance or packing density. 

power down 

Active Ice supply current can be reduced from 30 mA to 500 \xA (TTL-level inputs) or 250 \iA (CMOS-level 
inputs) by applying a high TTL or CMOS signal to the E pin. In this mode all outputs are in the high-impedance 
state. 

erasure (TMS27C256) 

Before programming, the TMS27C256 EPROM is erased by exposing the chip through the transparent lid 
to a high intensity ultraviolet light (wavelength 2537 A). EPROM erasure before programming is necessary to 
assure that all bits are in the logic high state. Logic lows are programmed into the desired locations. A 
programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose (UV 
intensity x exposure time) is 1 5-W»s/cm 2 . A typical 12-mW/cm 2 , filterless UV lamp erases the device in 21 
minutes. The lamp should be located about 2.5 cm above the chip during erasure. It should be noted that normal 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS27C256, the window 
should be covered with an opaque label. 
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initializing (TMS27PC256) 

The one-time programmable TMS27PC256 PROM is provided with all bits in the logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAP! Pulse programming 

The 256K EPROM and OTP PROM are programmed using the Tl SNAP! Pulse programming algorithm 
illustrated by the flowchart in Figure 1 , which programs in a nominal time of four seconds. Actual programming 
time varies as a function of the programmer used. 

Data is presented in parallel (eight bits) on pins DQO to DQ7. Once addresses and data are stable, E is pulsed. 

The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (us) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 1 0 (ten) 1 OO-^s 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 1 3 V, Vqc = 6.5 V, G = Vm, and E = V||_. More than one device 
can be programmed when the devices are connected in parallel. Locations can be programmed in any order. 
When the SNAP! Pulse programming routine is complete, all bits are verified with Vqc = V PP = 5 V. 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits can be verified with Vpp = 13 V when G = Vjl and E = V|h- 
signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 is forced to 12 V ± 0.5 V. Two identifier bytes are accessed by AO; i.e., AO - Vj|_ accesses 
the manufacturer code, which is output on DQ0-DQ7; AO = Vm accesses the device code, which is output on 
DQ0-DQ7. All other addresses must be held at V|i_. The manufacturer code for these devices is 97, and the 
device code is 04. 
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Q Start ^ 



I Address « First Location I 

T — 

| VCC C 6-SV. Vpp«13V | 

Program One Pulse ■ t w ■ 100 \is \ 4 — | Increment Address "| 



Program 
Mode 




| Address ■ First Location | 




!i 1 


>| X = 






] Program One Pulse ■ t w a 1 00 us | 
No ' 




Interactive 
Mode 



Yes 



| VCC* Vpp*5V±10% | £ 



Device Failed 




Fall 



Final 
Verification 



Figure 1. SNAPI Pulse Programming Flowchart 
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logic symbol* 



AO 



10 



A1 - 
A2- 



A3- 



A4 



A5- 



A6- 



A7- 
A8 



25 



A9 



24 



A10 
A11 
A12 
A13 
A14 



21 



23 



26 



27 



20 



22 



0 \ 



EPROM 
32 768x8 



> A 



32 767 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



14/ 

[PWR DWN] 
EN 



& 



AO 



10 



A1 ■ 
A2 



A3- 



11 



A4 



12 



13 



15 



16 



17 



18 



19 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



A5 



A6 



A7 
A8 



25 



A9 



24 



A10 
A11 
A12 
A13 
A14 



21 



23 



26 



27 



22 



0 \ 



OTP PROM 
32 768 x8 



> A 



32 767 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



14/ 

[PWR DWN] 
EN 



11 



12 



13 



15 



16 



17 



18 



19 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



t These symbols are in accordance with ANSI / IEEE Std 91 -1 984 and IEG Publication 61 7-1 2. 
Pin numbers shown are for J and N packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc (see Note 1) -0.6 V to 7 V 

Supply voltage range, Vpp — -0.6 V to 1 4 V 

Input voltage range (see Note 1): All inputs except A9 . -0.6 V to Vqc + 1 V 

A9 -0.6V to 13.5V 

Output voltage range (see Note 1) -0.6 V to Vqc + 1 V 

Operating free-air temperature range ('27C256-_ _JL and JL4, '27PC256-_ JML, NL4, FML, 

andFML4) 0°Cto70°C 

Operating free-air temperature range ('27C256- JE and JE4, '27PC256- NE, NE4, FME, 

andFME4) -40°Cto85°C 

Storage temperature range, T stg -65°C to 1 50°C 

Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


v C c 


Supply voltage 


Read mode (see Note 2) 


4.5 


5 


5.5 


V 


SNAPI Pulse programming algorithm 


6.25 


6.5 


6.75 


Vpp 


Supply voltage 


Read mode 


Vcc-0.6 




VfjC+0-6 


V 


SNAPI Pulse programming algorithm 


12.75 


13 


13.25 


V|H 


High-level dc Input voltage 




TTL 


2 




Vcc+1 


V 




CMOS 


Vcc-0.2 




Vcc+1 


V|L 


Low-level dc input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


-0.5 




0.2 


T A 


Operating free-air temperature 




•27C256- JL, JL4 
•27PC256- NL, NL4, 
FML, FML4 


0 




70 


°C 


t a 


Operating free-air temperature 




'27C256- JE, JE4 
•27PC25£ NE.NE4, 
FME.FME4 


-40 




85 


°C 



NOTE 2: Vqc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be inserted 
into or removed from the board when Vpp or Vqc is applied. 



electrical characteristics over recommended ranges of operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vqh High-level dc output voltage 


•oh ■ ~ 25 mA 


3.5 


V 


IOH=~20yA 


Vcc-0.1 


Vol Low-level dc output voltage 


'ol * 2 « 1 mA 


0.4 


V 


lOL = 20 nA 


0.1 


l| Input current (leakage) 


V| = 0Vto5.5V 


±1 


ma 


lO Output current (leakage) 


Vo = 0VtoVcc 


±1 


HA 


Ippt Vpp supply current 


Vpp «Vcc» 5.5 V 


1 10 


MA 


|pp 2 Vpp supply current (during program pulse) 


Vpp -13 V 


35 50 


mA 


Vqc supply current 
CC1 (standby) 


TTL-input level 


V C C»5.5V, E«V|H 


250 500 


HA 


CMOS-input level 


V C C = 5.5V, E»Vcc 


100 250 


•CC2 V CC supply current (active) 


V C C*5.5V, E*V| L , 
tcyde ■ minimum cycle time, 
outputs open 


15 30 


mA 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Cj Input capacitance 


V| = 0, f=1MHz 


6 10 


PF 


C 0 Output capacitance 


Vo = 0, f=1 MHz 


10 14 





t Typical values are at Ta - 25°C and nominal voltages. 
* Capacitance measurements are made on a sample basis only. 
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switching characteristics over recommended range of operating conditions 



PARAMETER 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


cfvf9Q"IU 

'27PC256-10 


'27PC256-12 


•27PC256-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL=100pF, 
1 Series 74 TTL Load, 
Input tf % 20 ns, 
Input tf< 20 ns 


100 


120 


150 


ns 


t a (E) Access time from chip enable 


100 


120 


150 


ns 


ten (G) Output enable time from G 


55 


55 


75 


ns 


. Output disable time from G or E, whichever 
™ 8 occurs firstt 


0 45 


0 45 


0 60 


ns 


Output data vajid time after change of 
v(A) address, E, or G, whichever occurs firstt 


0 


0 


0 


ns 




PARAMETER 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


•27C256-17 
•27PC256-17 


'27C256-20 
'27PC256-20 


'27C256-25 
'27PC256-25 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*a(A) Access time from address 


CL=100pF, 
1 Series 74 TTL Load, 
Input tf s 20 ns, 
Input tf * 20 ns 


170 


200 


250 


ns 


t a (E) Access time from chip enable 


170 


200 


250 


ns 


ten(G) Output enable time from G 


75 


75 


100 


ns 


Output disable time from G or E, whichever 
1dte occurs firstt 


0 60 


0 60 


0 60 


ns 


Output data valid time after change of 
V ( A ) address, E, or (a, whichever occurs firstt 


0 


0 




ns 



t Value calculated from 0.5 V delta to measured level. This parameter is only sampled and not 100% tested. 



switching characteristics for programming: Vqc = 6.50 Vand V PP = 13 V (SNAP! Pulse), T A = 25°C 
(see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


klis(G) Output disable time from G 


0 130 


ns 


ten(G) Output enable time from G 


- 150 


ns 


NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low). (Reference page 9.) 
4. Common test conditions apply for thet(jj S except during programming. 

recommended timing requirements for programming: Vqc = 6.5 V and Vpp = 13 V, 
T A = 25°C (see Note 3) 




MIN NOM MAX 


UNIT 


*h(A) Hold time, address 


0 


us 


th(D) Hold time, data 


2 


us 


t w (iPGM) Pulse duration, initial program 


95 100 105 


us 


t su(A) Setup time, address 


2 


US 


tsu(G) Setup time, G 


2 


us 


t su(E) Setup time,! 


2 


us 


tsu(D) Setup time, data 


2 


us 


*su(VPP) Setup time, Vpp 


2 


lis 


tsu(VCG) Setup time, Vqc 


2 


us 



NOTE 3: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low). (Reference page 9.) 
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PARAMETER MEASUREMENT INFORMATION 

2.08 V 



R L «800n 



Output 
Under Teet" 



Ci_»100pF 
(see Note A) 



NOTE A: C|_ includes probe and fixture capacitance. 
Figure 2. AC Testing Output Load Circuit 



AC testing input/output wave forms 



2.4 V- 



0.4 V- 



XT 
J2d 



v 

8V 



Tv\T 



A.C. testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A14 



DQ0-DQ7 




Figure 3. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A14 



DQ0-DQ7 



Vpp 



V CC 



' Program * 



X 



1 



■ Verify - 



Address Stable 



< 

I 



-tsu(A) 



Data-in Stable 



> 



. Hl-Z . 



W— H-tsu(D) 



N ►[ t SU (vpp) 




*su(VCC) 



I* — ■►ptsu(E) 



tw(IPGM) >j 



th(D) 



■ tsu(G) -W 



Address 
N+1 



■C 



J_ 



• *h(A) • 



Data-Out Valid 



> 



*dls(G)t -j*- 



I 



'« »l t »n(G)t | 



\ r 



t t<jis(G) and ten(Q) are characteristics of the device but must be accommodated by the programmer 
* 1 3-V Vpp and 6.5-V Vcc for SNAP! Pulse programming 

Figure 4. Program-Cycle Timing (SNAPI Pulse Programming) 



V| H 
•V, L 

V|H/VOH 
V|L/V0H 
. Vppt 

v cc 

• v cc t 
vcc 

•V, H 
V|L 

' V, H 
V|L 
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device symbollzatlon 

This data sheet is applicable to all Tl TMS27C256 CMOS EPROMs and TMS27PC256 CMOS OTP PROMs 
with the data sheet revision code M B" as shown below. 



Tl FML 
TMS27PC256 



B L X P YY WW 



Data Sheet Revision Code 

Wafer Fab Code 

Die Revision Code 

Assembly Site Code 

Year of Manufacture 

Month of Manufacture 



Data Sheet Revision Code 
Wafer Fab Code 



Die Revision Code - 



Assembly Site Code - 
Year of Manufacture - 



Month of Manufacture 
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TYPICAL TMS27C/PC256 CHARACTERISTICS 



STANDBY SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

n r 

V CC -5V 




-75 -50 -25 0 25 50 75 100 125 
T A — Free-Air Temperature — °C 



S 

o 



STANDBY SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 



1.50 
1.25 



a. 

* I 
c o 



0.75 



0.50 





= 25°C 















































4.25 4.5 4.75 5 5.25 5.5 
Vqc — Supply Voltage — V 



5.75 



E 

3 

o 

a i 
a. 

3 

(0 : 



1.50 
1.25 



o 

£ 0.75 



0.50 



ACTIVE SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 





C B 5 


V 





























































-75 -50 -25 0 25 50 75 100 125 
T A — Free-Air Temperature — °C 



3 

o 

a ' 

Q. 
3 

1 § 

S o 
< 5, 



1.50 
1.25 



S 1-00 



0.75 



8 
O 



0.50 



ACTIVE SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 



I I 

T A «25°C 
fx Max 













































4.25 4.5 4.75 5 5.25 5.5 
Vcc — Supply Voltage — V 



5.75 



1.50 
1.25 
= 1.00 
£ 0.75 
0.50 



ACCESS TIME 
vs 

FREE-AIR TEMPERATURE 



v c 


C*5 


V 





























































-75 -50 -25 0 25 50 75 100 125 
Ta — Free-Air Temperature — °C 



< § 



ACCESS TIME 
vs 

SUPPLY VOLTAGE 



1.50 
1.25 
1.00 




= 25 °C 




























0.75 
0.50 















4.25 4.5 4.75 5 5.25 5.5 
Vqc — Supply Voltage — V 



5.75 
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Organization . . . 64K x 8 

Single 5-V Power Supply 

Pin Compatible With Existing 1 Meg MOS 
ROMs, PROMs, and EPROMs 

All Inputs/Outputs Fully TTL Compatible 

Max Access / Min Cycle Times 

V CC ±10% 

'27C510-12 120 ns 

'27C/PC510-15 150 ns 
•27C/PC510-17 170 ns 
'27C/PC510-20 200 ns 
'27C/PC510-25 250 ns 

Power Saving CMOS Technology 
Very High Speed SNAPI Pulse 
Programming 

3-State Output Buffers 

400 mV Guaranteed DC Noise Immunity 

With Standard TTL Loads 

Latchup Immunity of 250 mA on All Input 

and Output Lines 

Low Power Dissipation (V cc s 5.5 V) 

- Active . . . 165 mW Worst Case 

- Standby . . 1.4 mW Worst Case 
(CMOS-Input Levels) 

PEP4 Version Available With 1 68-Hour 
Burn-In, and Choices of Operating 
Temperature Range 

51 2K EPROM Available With MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C510) 



description 



The TMS27C510 series are 524288-bit, ultra- 
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC510 series are 524288-bit, one- 
time electrically programmable read-only 
memories. 

These devices are fabricated using power saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by 
Series 74 TTL circuits without the use of external 
pull-up resistors. Each output can drive one 
Series 74 TTL circuit without external resistors. 
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PIN NOMENCLATURE 


A0-A15 


Address Inputs 


E 


Chip Enable 


DQ0-DQ7 


Inputs (programming) /Outputs 


G 


Output Enable 


GND 


Ground 


NC 


No Internal Connection 


vcc 


5-V Power Supply 


Vpp 


12-13 V Power Supply 



PRODUCTION DATA Information it ourrtnt m of publication date. ■ . Copyright ©1995, Texas Instruments Incorporated 

Products conform to •ptcHlcatkma per tha term* of Taxaa Instruments 
standard warranty. Production proosasirtQ doot not nsosssartty incktda 
totting of flH ptrtmtttrt. 
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description (continued) 

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C510 and the 
TMS27PC51 0 are pin compatible with 32-pin 1 -megabit MOS ROMs, PROMs, and EPROMs. 

The TMS27C510 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting-hole rows on 15,2-mm (600-mil) centers. The TMS27C510 is available with two choices of 
temperature ranges of 0°C to 70°C (JL suffix) and - 40°C to 85°C (JE suffix). The TMS27C51 0 is also offered 
with 1 68-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC510 PROM is offered in a dual-in-line plastic package (N suffix) designed for insertion in 
mounting-hole rows on 15,2-mm (600-mil) centers. The TMS27PC510 is also supplied in a 32-lead plastic 
leaded chip-carrier package using 1 ,25-mm (50-mil) lead spacing (FM suffix). The TMS27PC510 is specified 
for operation from 0°C to 70°C, and - 40°C to 85°C. 



All package styles conform to JEDEC standards. 



EPROM 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 
168-HR. BURN-IN 
VS TEMPERATURE RANGES 


0 p CTO70°C 


-40°CTO85°C 


0°CTO70°C 


-40°CTO85°C 


TMS27C510-XXX 


JL 


JE 


JL4 


JE4 


TMS27PC51 0-XXX 


NL, FML 


NE, FME 




NE4.FME4 



These EPROMs and PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use in 
microprocessor-based systems. One other (1 3-V) supply is needed for programming. All programming signals 
are TTL level. These devices are programmable by a SNAP! Pulse programming algorithm. The SNAP! Pulse 
programming algorithm uses a Vpp of 13.0 V and a Vcc of 6.5 V for a nominal programming time of seven 
seconds. For programming outside the system, existing EPROM programers can be used. Locations can be 
programmed singly, in blocks, or at random. 

operation 



The seven modes of operation are in the following table. Read mode requires a single 5-V supply. All inputs are 
TTL level except for Vpp during programming (1 3.0 V for SNAP! Pulse) , and 1 2 V on A9 for the signature mode. 



FUNCTION 


MODEt 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE 
MODE 


E 


V|L 


v, L 


V, H 


V|L 


V| H 


V|H 


V, L 


G 


V|L 


V| H 


X 


V| H 


V, L 


• X 


V, L 


Vpp 


vcc 


v cc 


vcc 


Vpp 


Vpp 


Vpp 


v cc 


vcc 


vcc 


vcc 


vcc 


vcc 


v cc 


vcc 


vcc 


A9 


X 


X 


X 


x 


X 


X 


v H * 


v H * 


AO 


X 


X 


x 


X 


X 


X 


V|L 


V| H 


DQ0-DQ7 


Data Out 


Hl-Z 


Hi-Z 


Data In 


Data Out 


Hi-Z 


CODE 


MFG 


DEVICE 


97 


15 



txcanbeV||_orV||-|. 
*Vh- 12 V* 0.5 V. 
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read/output disable 

When the outputs of two or more TMS27C51 Os or TMS27PC51 Os are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins DQO to DQ7. 

latchup immunity 

Latchup immunity on the TMS27C510 and TMS27PC510 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.O. board level when the EPROM 
is interfaced to industry standard TTL or MOS logic devices. Input/output layout approach controls latchup 
without compromising performance or packing density. 

powerdown 

Active Ice current can be reduced from 30 mA to 500 \nA by applying a high TTL input on E and to 1 00 pA by 
applying high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C51 0) 

Before programming, the TMS27C51 0 EPROM is erased by exposing the chip through the transparent lid to 
high intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity 
x exposure time) is 1 5-W s/cm 2 . Atypical 1 2-mW/cm 2 , filterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. It should be noted that normal ambient light 
contains the correct wavelength for erasure. Therefore, when using the TMS27C510, the window should be 
covered with an opaque label. After erasure (all bits in logic 1 state), logic 0s are programmed into the desired 
locations. A programmed zero can be erased only by ultraviolet light. 

initializing (TMS27PC510) 

The one-time programmable TMS27PC51 0 PROM is provided with all bits in logic 1 state, then logic Os are 
programmed into the desired locations. Logic Os programmed into a PROM cannot be erased. 

SNAP! Pulse programming 

The 51 2K EPROM and PROM can be programmed using the Tl SNAP! Pulse programming algorithm as 
illustrated by the flowchart in Figure 1 , which can reduce programming time to a nominal 7 seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAP! Pulse programming algorithm uses initial pulses of 100 microseconds (\is) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 1 0 (ten) 1 00-^s 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 1 3.0 V, Vcc = 6.5 V, G = Vjh, andE = V||_. Data is presented 
in parallel (eight bits) on pins DO0 to DQ7. Once addresses and data are stable, E is pulsed. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified with 
Vcc = V P p = 5V. 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits can be verified with Vpp = 1 3.0 V when G = V||_ and E = Vjh- 
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signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 is forced to 12 V ± 0.5 V. Two identifier bytes are accessed by AO; i.e., AO = Vj|_ accesses 
the manufacturer code which is output on DQ0-DQ7; AO = Vjh accesses the device code which is output on 
DQ0-DQ7. All other addresses must be held at V|l- The manufacturer code for these devices is 97, and the 
device code is 15. 
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( St * rt ) 



I Address ■ First Location I 

™ 



1 



Vcc ■ «-5 V,Vpp« 13.0 V 

T 



| Program One Pulse a t W (pQM) H — I Increment Address "] 



Program 
Mode 




No 



Yes J 

| Address ■ First Location 




\ Program One Pulse * t w (pQM) 
No 



X»X + 1 




Interactive 
Mode 



Yes 



Device Failed 



Final 
Verification 



Device Passed 



Figure 1. SNAP! Pulse Programming Flowchart 
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logic symbolst 



12 



10 



27 



26 



23 



25 



28 



29 



24 



EPROM 65 536 x 8 



> A 



65535 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



15. 
[PWR DWN] 



EN 



_12_ DQO 
-H- DQ1 



DQ2 
DQ3 



_!!_ DQ4 
DQ5 



AO 



12 



A1 
A2 



11 



10 



A3 



A4 



A5- 
A6 



A7 
A8 



27 



A9 



26 



A10 



23 



-2Q_ DQ6 A11 
-2!_ DQ7 A12 
A13 
A14 
A15 



25 



28 



29 



PROM 65 536 x 8 



> A 



65535 



15. 
[PWR DWN] 



EN 



t These symbols are in accordance with ANSI /IEEE Std 91-1984 and IEC Publication 617-12. 
J and N packages illustrated. 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



-12- DQO 
-!4_DQ1 
15 DQ2 
-!L_ QQ3 
_J8_ DQ4 

-J£- DQ5 
-^-DQ6 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 



Supply voltage range, Vqc (see Note 1 ) . - 0.6 V to 7 V 

Supply voltage range, Vpp (see Note 1 ) . . - 0.6 V to 1 4 V 

Input voltage range (see Note 1): All inputs except A9 -0.6Vto6.5V 

A9 . . . -0.6 Vto 13.5 V 

Output voltage range (see Note 1 ) - 0.6 V to Vqc + 1 V 

Operating free-air temperature range ('27C51 0- _ JL and JL4; 

'27PC510"„NL, FML, NE, and FME) 0°Cto70°C 

Operating free-air temperature range (27C51 0- m JE, JE4, NE4, and FME4) - 40°C to 85°C 

Storage temperature range, T stg - 65°C to 1 50°C 



* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : Under absolute maximum ratings, voltage values are with respect to GND. 
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recommended operating conditions 





MIN NOM MAX 


UNIT 


vcc 


Supply voltage 


Read mode (see Note 2) 


4.5 5 5.5 


V 


SNAPI Pulse programming algorithm 


6.25 6.5 6.75 


Vpp 


Supply voltage 


Read mode 


Vcc ~0-6 Vcc+0.6 


V 


SNAPI Pulse programming algorithm 


12.75 13 13.25 


V|H 


High-level dc input voltage 




TTL 


2 Vcc+1 


V 




CMOS 


Vcc -0.2 Vcc+1 


V|L 


Low-level dc input voltage 




TTL 


-0.5 0.8 


V 




CMOS 


-0.5 0.2 


T A 


Operating free-air temperature 






(see Table, page 2) 


°C 



NOTE 2: Vcc mu8t 00 applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be inserted 
into or removed from the board when Vpp or Vcc is applied. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


v OH High-level output voltage 


lOH-- 2.5 mA 


3.5 


V 


IOH = -20^A 


Vcc -0.1 


Vol Low-level output voltage 


lOL * 2.1 mA 


0.4 


V 


IOL = 20nA 


0.1 


l| Input current (leakage) 


V| = 0Vto5.5V 


±1 


HA 


lo Output current (leakage) 


Vo*0VtoVcc 


±1 


HA 


Ipp-j Vpp supply current 


Vpp = V C C - 5.5 V 


1 


10 


l*A 


lpp 2 Vpp supply current (during program pulse) 


Vpp = 13 V 


35 


50 


mA 


'CC1 V CC supply current (standby) 


TTL-input level 


V C C = 5.5V, E = V| H 


250 


500 


nA 


CMOS-input level 


Vcc = 5.5V, E = V C C 


100 


250 


ICC2 v cc supply current (active) 


V C C = 5.5 V, E = V| Ll 
tcyde = minimum cycle time, 
outputs open 


15 


30 


mA 


t Typical values are at Ta - 25°C and nominal voltages. 










capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz* 


PARAMETER 


TEST CONDITIONS 


MIN TYPt 


MAX 


UNIT 


Cj Input capacitance 


V|«0V, f -.1 MHz 


6 


10 


PF 


C 0 Output capacitance 


Vq*0V, f-1MHz 


10 


14 


PF 



t Typical values are at Ta = 25°C and nominal voltages. 

* Capacitance measurements are made on sample basis only. 
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switching characteristics over recommended ranges of operating conditions 



PARAMETER 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


'27PC510-12 


'27PC510-15 


UNIT 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL»100pF, 
1 Series 74 TTL Load, 
Input tf s 20 ns, 
Input tf * 20 ns 


120 


150 


ns 


t a (E) Access time from chip enable 


120 


150 


ns 


ten(G) Output enable time from G 


55 


75 


ns 


tdis Output disable time from G or I, whichever occurs first t 


0 45 


0 60 


ns 


. Output data valid time after change of address, E, or G, 
V (A) whichever occurs first t 


0 


0 


ns 




PARAMETER 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


'27C510-17 
•27PC510-17 


'27C510-20 
'27PC510-20 


'27C510-25 
'27PC510-25 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL«100pF, 
1 Series 74 TTL Load, 
Input t r * 20 ns, 
Input tf * 20 ns 


170 


200 


250 


ns 


t a (£) Access time from chip enable 


170 


200 


250 


ns 


ten (G) Output enable time from G 


75 


75 


100 


ns 


Output disable time from G or E, 
whichever occurs firstt 


0 60 


0 60 


0 60 


ns 


Output data valid time after change of 
V (A) address, E, or whichever occurs firstt 


0 


0 


0 


ns 



t Value calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 

switching characteristics for programming: Vqc = 6.5 V and Vpp = 1 3.0 V (SNAP! Pulse), T A = 25°C 
(see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


*dis(G) Output disable time from G 


0 130 


ns 


ten(G) Output enable time from G 


150 


ns 


recommended timing requirements for programming, Vqc = 6.5 V and Vpp = 1 3.0 V (SN API Pulse), 
T A = 25°C (see Note 3) 




MIN NOM MAX 


UNIT 


*w(PGM) Pulse duration, program | SNAP! Pulse programming algorithm 


95 100 105 


us 


*su(A) Setup time, address 


2 


US 


*su(G) Setup time, G 


2 


us 


l su(E) Setup time, E 


2 


us 


tsu(D) Setup time, data 


2 


US 


tsufVPP) Setup time, Vpp 


2 


us 


tsufVCC) Setup time, Vqc 


2 


us 


th(A) Hold time, address 


0 


us 


th(D) Hold time, data 


2 


US 



NOTES: 3. For all switching characteristics, the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic 1 and 
0.8 V for logic 0. (Reference page 9.) 
4. Common test conditions apply for the tdj S except during programming. 
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PARAMETER MEASUREMENT INFORMATION 

2.08 V 



R L «800n 



Output - 
Under Test 



CL«100pF 



(see Note A) 

NOTE A: C|_ includes probe and fixture capacitance. 
Figure 2. AC Testing Output Load Circuit 

AC testing input/output wave forms 

2AV VtTTov tt- Sov\r 

A. 0.8V u 0.8VA 



0.4 V- 



AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A15 



X 



G 



DQ0-DQ7 



■Hl-Z- 



Address Valid 



t a (A)- 



ta(E)- 



H— *en(G) 



X 



if 



I N — 



I \+ — tdls- 
ty<A)H« *\ 



Output Valid 



2» 



Hl-Z- 



■ V| H 

■ V, L 

• V| H 
V|L 

■ V,H 
V|L 

V 0 H 

vol 



Figure 3. Read-Cycle Timing 
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A0-A15 



DQ0-DQ7 



Vpp 



vcc 



PARAMETER MEASUREMENT INFORMATION 



- Program - 



-Verify- 



Address Stable 



H H- tsu(A) 



<: 



Data-in Stable 



> 



* *t" *su(D) 



I 

L J 

M N- tsu(VPP) 



I 



A 



*su(vcc) N »j 

r« — W- t 8U(E) 




*w(PGM) — W 



-H k" th(D) 



X Address 
111 



Data-Out 
Valid 



th(AJ -N 



tsu(G) 

k- — ^ 



tdls(G) f 



J 

«en(G)T 



t tdj S (G) and ten(G) are characteristics of the device but must be accommodated by the programmer. 
* 13.0-VVpp and 6.5-VVcc for SNAP! Pulse programming 



V|H 
V|L 

V|H/V0H 
V|L/VOL 

Vpp* 

vcc 
vcc* 

V C C 

V|H 
V|L 

V|H 
V|L 



Figure 4. Program-Cycle Timing 
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device symbollzatlon 



Tl FML 
TMS27PC510 



L X P YY WW 




TMS »J« 

27C510 

L X P YY WW 



Wafer Fab Code — 
Die Revision Code - 
Assembly Site Code - 
Year of Manufacture - 
Month of Manufacture- 



Wafer Fab Code 

Die Revision Code — 
Assembly Site Code - 
Year of Manufacture - 
Month of Manufacture 
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TYPICAL TMS27C/P0C510 CHARACTERISTICS 



STANDBY SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 



3 

o 

CL 

s- 

in 



e 



1.50 
1.25 
1.00 
0.75 
0.50 



v cc 


*5.0\ 


r 





























































-75 -50 -25 0 25 50 75 
T A - Free-Air Temperature-°C 



100 125 - 



STANDBY SUPPLY CURRENT 
VS 

SUPPLY VOLTAGE 




4.25 4.5 4.75 5.0 5.25 5.5 5.75 
Vcc-Supply Voltage- V 
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This Data Sheet is Applicable to All 
TMS27C512S and TMS27PC512S Symbolized 
with Code U B" as Described on Page 182. 

• Organization . . . 64K x 8 

• Single 5-V Power Supply 

• Pin Compatible With Existing 512K MOS 
ROMs, PROMs, and EPROMs 

• All Inputs/Outputs Fully TTL Compatible 

• Max Access/Min Cycle Time 
V CC ±10% 

'27C/PC512-10 100 ns 
'27C/PC512-12 120 ns 
'27C/PC512-15 150 ns 
'27C/PC512-20 200 ns 
'27C/PC512-25 250 ns 

• Power Saving CMOS Technology 

• Very High-Speed SNAPI Pulse 
Programming 

• 3-State Output Buffers 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• Low Power Dissipation ( V cc = 5.25 V ) 

- Active ... 158 mW Worst Case 

- Standby . . . 1 .4 mW Worst Case 
(CMOS Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

• 51 2K EPROM Available With MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C512) 

description 

The TMS27C512 series are 524288-bit, ultra- 
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC512 series are 524288-bit, one- 
time electrically programmable read-only memo- 
ries. 
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(TOP VIEW) 




A6[ 
A5[ 
A4[ 
A3[ 
A2[ 

A1[ 
A0[ 
NC[ 
DQ0[ 



FM PACKAGE 
(TOP VIEW) 
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]A9 
]A11 
]NC 
]G/V P p 
]A10 

]DQ7 
21 JDQ6 



.8 



o ° 
Q (3 
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PIN NOMENCLATURE 


A0-A15 


Address Inputs 


E 


Chip Enable/Powerdown 


DQ0-DQ7 


Inputs (programming) /Outputs 


G/Vpp 


1 3-V Programming Power Supply 


GND 


Ground 


NC 


No Internal Connection 


NU 


Make No External Connection 


vcc 


5-V Power Supply 
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TMS27PC512 
DD PACKAGE 
(TOP VIEW) 



ah LZ 


1 o 


32 


ZlG/Vpp 


A9 LZ 


2 


31 


ZIA10 


A8 LZ 


3 


30 


ZlE 


A13 L 


4 


29 


— i _ 
ZJDQ7 


A14 L 


5 


28 


— i _ _ _ 
ZIDQ6 


NC L_ 


6 


27 


1 DQ5 


nc LZ 




26 


□ DQ4 


v C c C 


e 


25 


□ DQ3 


nc LZ 


9 


24 


□ v ss 


nc LZ 


10 


23 


□ DQ2 


A15 LZ 


11 


22 


□ dqi 


A12 LZ 


12 


21 


□ dqo 


A7 LZ 


13 


20 


□ao 


A6 LZ 


14 


19 


□ A1 


A5 LZ 


15 


18 


□ A2 


A4 LZ 


16 


17 


□ A3 



TMS27PC512 
DU PACKAGE 
REVERSE PINOUT 
(TOP VIEW) 



G/Vpp LZ 


1 V 


32 


Zl A11 


aio LZ 


2 


31 


□ A9 


ILZ 


3 


30 


□ A8 


DQ7 LZ 


4 


29 


□ A13 


DQ6 LZ 


5 


28 


□ A14 


DQ5 LZ 


6 


27 


□ NC 


DQ4 LZ 


7 


26 


□ NC 


DQ3 LZ 


8 


25 


3Voc 


v ss LZ 


9 


24 


□ NC 


DQ2 LZ 


10 


23 


Zl NC 


DQ1 LZ 


11 


22 


□ A15 


DQO LZ 


12 


21 


□ A12 


ao LZ 


13 


20 


□ A7 


ai LZ 


14 


19 


□ A6 


A2 LZ 


15 


18 


Zl A5 


A3 LZ 


16 


17 


□ A4 



7-168 
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description (continued) 

These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external 
resistors. v 

The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C512 and the 
TMS27PC512 are pin compatible with 28-pin 51 2K MOS ROMs, PROMs, and EPROMs. 

The TMS27C512 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27PC512 OTP PROM is offered in a dual-in-line 
plastic package (N suffix) designed for insertion in mounting hole rows on 15,2-mm (600-mil) centers. The 
TMS27PC512 OTP PROM is also supplied in a 32-lead plastic leaded chip carrier package using 1,25-mm 
(50-mil) lead spacing (FM suffix), and in a 32-lead thin small-outline package (DD and DU suffixes). 

The TMS27C512 and TMS27PC512 are offered with two choices of temperature ranges of 0°C to 70°C (JL, 
NL, FML, and DDL suffixes) and -40°C to 85°C (JE, NE, FME, and DDE suffixes). The TMS27C512 and 
TMS27PC512 are also offered with a 168-hour burn-in on both temperature ranges (JL4, NL4, FML4, DDL4, 
JE4, NE4, FME4, and DDE4 suffixes); see table below. 

All package styles conform to JEDEC standards. 



EPROM 
AND 
OTP 

PROM 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 
168 HR. BURN-IN 
VS TEMPERATURE RANGES 


0°CTO70°C 


- 40°C TO 85°C 


0°C TO 70°C 


-40°CTO85°C 


TMS27C51 2-xxx 


JL 


JE 


JL4 


JE4 


TMS27PC51 2-xxx 


NL 


NE 


NL4 


NE4 


TMS27PC51 2-xxx 


FML 


FME 


FML4 


FME4 


TMS27PC51 2-xxx 


DDL 


DDE 


DDL4 


DDE4 


TMS27PC51 2-xxx 


DUL 


DUE 


DUL4 


DUE4 



These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 1 3-V supply is needed for programming. All programming signals 
are TTL level. The device is programmed using the SNAPI Pulse programming algorithm. The SNAPI Pulse 
programming algorithm uses a Vpp of 1 3 V and a Vqc of 6.5 V for a nominal programming time of seven seconds. 
For programming outside the system, existing EPROM programmers can be used. Locations can be 
programmed singly, in blocks, or at random. 



* 
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operation 



The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TTL level except for Vpp during programming (13 V for SNAP! Pulse) and 12 V on A9 for signature 
mode. 



FUNCTION 


MODEt 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE 
MODE 


E 


V, L 


V, L 


V, H 


V, L 


VlL 


V|H 


V, L 


G/Vpp 




V, H 


X 


Vpp 


V|L 


Vpp 


V|L 


v C c 


vcc 


vcc 


v cc 


v cc 


vcc 


v C c 


vcc 


A9 


X 


X 


X 


X 


X 


X 


v H * 


v H * 


AO 


X 


X 


X 


X 


X 


X 


V|L 


V| H 


DQ0-DQ7 


Data Out 


Hi-Z 


Hi-Z 


Data In 


Data Out 


Hi-Z 


CODE 


MFG 


DEVICE 


97 


85 



tXcan be V|Lor V|h. 
*Vh = 12V±0.5V. 



read/output disable 

When the outputs of two or more TMS27C51 2s or TMS27PC51 2s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and G/ Vpp pins. 
All other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. Output data is accessed at pins DQO through DQ7. 

latchup Immunity 

Latchup immunity on the TMS27C51 2 and TMS27PC51 2 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices 
are interfaced to industry-standard TTL or MOS logic devices. Input-output layout approach controls latchup 
without compromising performance or packing density. 

power down 

Active Ice supply current can be reduced from 30 mA to 500 pA (TTL-level inputs) or 250 yA (CMOS-level 
inputs) by applying a high TTL/CMOS signal to the E pin. In this mode all outputs are in the high-impedance 
state. 

erasure (TMS27C51 2) 

Before programming, the TMS27C512 EPROM is erased by exposing the chip through the transparent lid 
to a high intensity ultraviolet light (wavelength 2537 angstroms). EPROM erasure before programming is 
necessary to assure that all bits are in the logic high state. Logic lows are programmed into the desired locations. 
A programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose 
(UV intensity x exposure time) is 15-W-s/cm 2 . Atypical 12-mW/cm 2 , filterless UV lamp erases the device in 
21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. It should be noted that 
normal ambient light contains the correct wavelength for erasure. Therefore, when using the TMS27C51 2, the 
window should be covered with an opaque label. 
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initializing (TMS27PC512) 

The one-time programmable TMS27PC51 2 PROM is provided with ail bits in the logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into a PROM cannot be erased. 

SNAPI Pulse programming 

The 51 2K EPROM and OTP PROM are programmed using the Tl SNAPI Pulse programming algorithm 
illustrated by the flowchart in Figure 1 , which programs in a nominal time of seven seconds. Actual programming 
time varies as a function of the programmer used. 

The SNAPI Pulse programming algorithm uses initial pulses of 100 microseconds (us) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-iiS 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved with G/Vpp = 1 3 V, Vqc = 6.5 V, and E = V||_. Data is presented in parallel 
(eight bits) on pins DQO to DQ7. Once addresses and data are stable, E is pulsed. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed^ any order. When the SNAPI Pulse programming routine is complete, all bits are verified with 
V CC = 5 V, G/Vpp = V, L| and E = V, L . 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E pin. 
program verify 

Programmed bits can be verified when G/Vpp and E = V|l. 
signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 is forced to 12 V ± 0.5 V. Two identifier bytes are accessed by AO; i.e., AO = V|l accesses 
the manufacturer code, which is output on DQ0-DQ7; AO = V|h accesses the device code, which is output on 
DQ0-DQ7. All other addresses must be held at V||_. The manufacturer code for these devices is 97, and the 
device code is 85. 
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C 



Start 



I Address = First Location I 

, T _!_ 

I VqC » 6.5 V ± 0.25 V, G/Vpp = 13 V ± 0.25 V 



| Program One Pulse = t w = 100 us |^ — | increment Address | 



Program 
Mode 




-| Program One Pulse a t w = 100 us 
No 



Increment 
Address 



X = X + 1 




Interactive 
Mode 



Yes 



| Vcc = 5V±0.5V,G/Vpp = V| L | £ 




Device Failed 

z 



Fall 



Final 
Verification 



c 



Device Passed 



Figure 1. SNAP! Pulse Programming Flowchart 
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logic symbolst 



AO 
A1 
A2 


0 


8 


A3 


7 




6 


A4 


A5 


5 


A6 


4 




3 


A7 
A8 


25 


A9 


24 



A10 
A11 
A12 
A13 
A14 
A15 



21 



23 



26 



27 



G/Vpp- 



0 \ 



EPROM 
65 536x8 



> A 



65 535 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



15/ 

[PWR DWN] 



EN 



AO 



10 



A1 - 
A2- 



A3 - 



11 
12 
13 
15 
16 
17 
18 
19 



A4- 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



A5 



A6- 



A7 
A8 



25 



A9 



24 



A10 
A11 
A12 
A13 
A14 
A15 
E 

G/Vpp- 



21 



23 



26 



27 



0 \ 



OTP PROM 
65 536 x 8 



> A 



65 535 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



15/ 

[PWR DWN] 




11 



12 



13 



15 



16 



17 



18 



19 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



t These symbols are in accordance with ANSI /IEEE Std 91 -1 984 and IEC Publication 617-1 2. 
Pin numbers shown are for J and N packages. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc (see Note 1) -0.6 V to 7 V 

Supply voltage range, Vpp , -0.6 V to 1 4 V 

Input voltage range (see Note 1): All inputs except A9 -0.6 V to Wqq + 1 V 

A9 -0.6Vto 13.5V 

Output voltage range (see Note 1) -0.6 V to Vqc + 1 V 

Operating free-air temperature range ('27C51 2- JL and JL4, '27PC51 2-_ _NL and NL4, 

FML and FML4, DDL and DDL4) 0°C to 70°C 

Operating free-air temperature range ('27C512- JE and JE4, *Z7PC512-„NE and NE4, 

FME and FME4, DDE and DDE4) -40°Cto85°C 

Storage temperature range, T 8tg -65°Cto150°C 

* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage 


Read mode (see Note 2) 


4.5 


5 


5.5 


v 


SNAP! Pulse programming algorithm 


6.25 


6.5 


6.75 


G/Vpp 


Supply voltage 


SNAP! Pulse programming algorithm 


12.75 


13 


13.25 


V 


V|H 


High-level dc input voltage 


TTL 


2 




Vcc+1 


V 


CMOS 


V C C -0.2 




Vcc+1 


V|L 


Low-level dc input voltage 


TTL 


-0.5 




0.8 


V 


CMOS 


-0.5 




0.2 


TA 


Operating free-air 
temperature 




TMS27C512- JL.JL4 

TMS27PC512-__NL, NL4, FML, FML4, DDL, DDL4 


0 




70 


°c 


t a 


Operating free-air 
temperature 




TMS27C512- JE.JE4 

TMS27PC512- NE, NE4, FME, FME4, DDE, DDE4 


-40 




85 


°C 



NOTE 2: Vcc must 06 applied before or at the same time as G / Vpp and removed after or at the same time as G / Vpp The device must not be 



inserted into or removed from the board when Vpp or Vcc is applied. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vqh High-level dc output voltage 


lOH ■ ~ 2 - 5 mA 


3.5 


V 


Iqh =-2°^ 


v C c -o.i 


Vol Low-level dc output voltage 


lOL = 2.1 mA 


0.4 


V 


IOL = 20mA 


0.1 


1 1 Input current (leakage) 


V^OVtoS.SV 


*1 


HA 


lO Output current (leakage) 


Vo = 0VtoVcc 


±1 


HA 


Ipp G/Vpp supply current (during program pulse) 


G/Vpp - 13 V 


35 50 


mA 


ICC1 v cc supply current (standby) 


TTL-input level 


V C C = 5.5V, E = V| H 


250 500 


uA 


CMOS-input level 


Vcc*5.5V, E=Vcc 


100 250 


'CC2 V CC supply current (active) 


V C C - 5.5 V, E = V| L , 
tcyde = minimum cycle time, 
outputs open 


15 30 


mA 



capacitance over recommended ranges of supply voltage and operating free-air 
temperature, f = 1 MHz* 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


C| Input capacitance 


V| = 0V, f=1MHz 


6 10 


pF 


Co Output capacitance 


Vq = 0V, f=1MHz 


10 14 


PF 


Cq/vpp Vpp input capacitance 


G/V PP = 0V, f = 1 MHz 


20 25 


PF 



t Typical values are at Ta = 25°C and nominal voltages. 

* Capacitance measurements are made on a sample basis only. 
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switching characteristics over recommended ranges of operating conditions 



PARAMETER 


TEST CONDITIONS 

(SEE NOTES 3 AND 4) 


'27C512-10 
'27PC512-10 


'27C512-12 
•27PC512-12 


UNIT 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL=100pF, 
1 Series 74 TTL Load, 
Input t r * 20 ns, 
Input tf * 20 ns 


100 


120 


ns 


t a (E) Access time from chip enable 


100 


120 


ns 


ten(G) Output enable time from G/Vpp 


55 


55 


ns 


tdj 8 Output disable time from G/Vpp or 1, whichever occurs first t 


0 45 


0 45 


ns 


Output data valid time after change of address, E, or G/Vpp 
V (A) whichever occurs firstt 


0 


0 


ns 





PARAMETER 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


•27C512-15 
'27PC512-15 


UNIT 






MIN 


MAX 




ta(A) 


Access time from address 




150 


ns 


ta(E) 


Access time from chip enable 


C L = 100pF, 
1 Series 74 TTL Load, 


150 


ns 


ten(G) 


Output enable time from G/Vpp 


75 


ns 


tdis 


Output disable time from G/Vpp or E, whichever occurs firstt 


Input tf ac 20 ns, 
Input tf * 20 ns 


0 


60 


ns 


tv(A) 


Output data valid time after change of address, E, or G/Vpp whichever 
occurs firstt 


0 


ns 



PARAMETER 


TEST CONDITIONS 
(SEE NOTES 3 AND 4) 


'27C512-20 
"27PC512-20 


'27C512-25 
•27PC512-25 


UNIT 


MIN MAX 


MIN MAX 


*a(A) Access time from address 


C|_=100pF, 
1 Series 74 TTL Load, 
Input t r * 20 ns, 
Input tf sb 20 ns 


200 


250 


ns 


t a (E) Access time from chip enable 


200 


250 


ns 


ten(G) Output enable time from G/Vpp 


75 


100 


ns 


tdi S Output disable time from G/Vpp or E, whichever occurs firstt 


0 60 


0 60 


ns 


Output data valid time after change of address, E, or G/Vpp 
M A ) whichever occurs firstt 


0 


0 


ns 



t Value calculated from 0.5 V delta to measured output level. This parameter is only sampled and not 100% tested. 



switching characteristics for programming: V cc = 6.50 V and G/Vpp = 13 V (SNAP! Pulse), 
T A = 25°C (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


klis(G) Disable time, output from G/Vpp 


0 130 


ns 



NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (Reference page 10.) 
4. Common test conditions apply for t<jj S except during programming. 
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recommended timing requirements for programming: Vqc = 6.50 V and G/Vpp = 13 V 
(SNAP! Pulse), T A = 25 C (see Note 3) 





MIN TYP MAX 


UNIT 


twflPGM* Pulse duration, initial program 


95 100 105 


US 


*su(A) Setup time, address 


2 


lis 


tsufD) Setup time, data 


2 


\iS 


*su(VPP Setup time, G/Vpp 


2 


us 


*su(VCC) Setup time, Vqc 


2 


us 


*h(A) Hold time > address 


0 


|iS 


th(D) Hold time, data 


2 


US 


*h(VPP) Hold time, G/Vpp 


2 


ixs 


trec(PG) Recovery time, G/Vpp 


2 


Its 


tEHD Data valid from E low 


1 


IAS 


tr(PG)G Rise time, G/Vpp 


50 


ns 



NOTE 3. For ail switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (Reference below.) 



PARAMETER MEASUREMENT INFORMATION 

2.08 V 

Output 
Under Test 

Figure 2. AC Testing Output Load Circuit 
AC testing input/output wave forms 



2.4 V 
0.4 V 




A.C. testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



RL = 800 £2 



CL = 100pF 
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PARAMETER MEASUREMENT INFORMATION 



A0-A15 



G/Vpp 



DQ0-DQ7 



• Hl-Z . 



Addresses Valid 



ta(A)" 



-ten(G)->| 



X 



i ! 



| M »dls- 

MA) -H N 



<«««t ™ y>ym -<~- 



V|H 
V|L 

V| H 
V|L 

V| H 
V|L 

VOH 

vol 



Figure 3. Read-Cycle Timing 



A0-A15 



DQ0-DQ7 



G/Vpp 



Address Stable 



2C 



*h(A) 



Data-in Stable 



> 



• Hl-Z - 



L J , I 

r H -W W- th(D) 



tsu(VCC) 



r* — ►r~ wopgm) 



Pata-Out Valid ^ - 

I L J 



tdls(G) T 




tEHD 



trec(PG) 



\ r 



V|H 
V|L 

V|H/VOH 
V|L/VOL 

Vpp 
V|L 



V|H 
V|L 



V CC 



t t<jis(G}_is a characteristic of the device but must be accommodated by the programmer. 
* 1 3-V G/Vpp and 6.5-V Vcc for SNAPl Pulse programming. 

Figure 4. Program-Cycle Timing (SNAP! Pulse Programming) 



vcc* 
vcc 
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device symbolization 

This data sheet is applicable to all Tl TMS27C51 2 CMOS EPROMs and TMS27PC51 2 CMOS OTP PROMs 
with the data sheet revision code "B" as shown below. 



Tl FML 
TMS27PC512 



B L X P YY WW 



Data Sheet Revision Code 

Wafer Fab Code 

Die Revision Code- 



Assembly Site Code- 



Year of Manufacture - 
Week of Manufacture ■ 



Data Sheet Revision Code - 

Wafer Fab Code 

Die Revision Code - 



Assembly Site Code - 



Year of Manufacture — 
Month of Manufacture - 




7-178 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



TMS27C010A 1 048576-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC010A 1 048576-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

SMLS110B- NOVEMBER 1990 -REVISED JUNE 1995 



• Organization . . . 128K x 8 

• Single 5-V Power Supply 

• Operationally Compatible With Existing 
Megabit EPROMs 

• Industry Standard 32-Pin Dual-In-line 
Package, 32-Lead Plastic Leaded Chip 
Carrier, and 32-Lead Thin Small-Outline 
Package 

• All Inputs/Outputs Fully TTL Compatible 

• Max Access/Min Cycle Time 
V CC ±10% 

'27C010A-10 100 ns 
'27C/PC010A-12 120 ns 
'27C/PC010A-15 150 ns 
'27C/PC010A-20 200 ns 

• 8-Bit Output For Use in 
Microprocessor-Based Systems 

• Very High-Speed SNAPl Pulse 
Programming 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pullup Resistors Required 

• Low Power Dissipation (V"cc = 5.5 V) 

- Active ... 165 mW Worst Case 

- Standby . . . 0.55 mW Worst Case 
(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In and Choices of Operating 
Temperature Ranges 

description 

The TMS27C010A series are 1048576-bit, 
ultraviolet-light erasable, electrically program- 
mable read-only memories. 

The TMS27PC010A series are 1048576-bit, 
one-time electrically programmable read-only 
memories. 



J AND N PACKAGES 
(TOP VIEW) 
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A16 □ 


2 


31 


n 
i 


PGM 


A15 □ 


3 


30 


n 
i 


NC 


A12 □ 


4 


29 


n 
i 


A14 


A7 r~ 


5 


28 


n 


A13 


A6 □ 


6 


27 


□ 


A8 


A5 □ 


7 


26 


□ 


A9 


A4Q 


8 


25 


□ 


A11 


A3 □ 


9 


24 


□ 




A2 □ 


10 


23 


□ 


A10 


A1C 


11 


22 


□ 


E 


AO [2 


12 


21 


□ 


DQ7 


DQ0 □ 


13 


20 


□ 


DQ6 


DQ1 □ 


14 


19 


□ 


DQ5 


DQ2 □ 


15 


18 


□ 


DQ4 


GND □ 


16 


17 


□ 


DQ3 



FM PACKAGE 
(TOP VIEW) 
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27 


]A8 


A4[ 


8 
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PIN NOMENCLATURE 


A0-A16 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 


G 


Output Enable 


GND 


Ground 


NC 


No Internal Connection 


PGM 


Program 


vcc 


5-V Power Supply 


Vpp 


13-V Power Supply t 



t Only in program mode 
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TMS27PC010A . . . DD PACKAGEt 
(TOP VIEW) 




TMS27PC010A . . . DU PACKAGEt 
REVERSE PINOUT 
(TOP VIEW) 




t The packages shown are for pinout reference only. 
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description (continued) 

These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pullup resistors. Each output can drive one Series 74 TTL circuit without external 
resistors. 

The TMS27C010A EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C010A is also offered with two choices of 
temperature ranges, 0°C to 70°C (JL suffix) and -40°C to 85°C (JE suffix). The TMS27C01 OA is also offered 
with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffix). (See table below.) 

The TMS27PC01 OA OTP PROM is offered in a dual-in-line plastic package (N suffix), a 32-pin, plastic leaded 
chip carrier package using 1 ,25-mm (50-mil) lead spacing (FM suffix), and a 32-lead TSOP package (DD and 
DU suffixes). The TMS27PC010A is offered with two choices of temperature ranges, 0°C to 70°C (NL, FML, 
DDL, and DUL suffixes) and - 40°C to 85°C (NE, FME, DDE, and DUE suffixes). (See table below.) 



EPROM 
AND 
OTP PROM 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 
168 HOUR BURN-IN 
VS TEMPERATURE RANGES 




0°Cto70°C 


-40°Cto85°C 


0°Cto70°C 


-40°Cto85°C 


TMS27C01 OA-xxx 


JL 


JE 


JL4 


JE4 


TMS27PC01 OA-xxx 


NL 


NE 


NL4 


NE4 


FML 


FME 


FML4 


FME4 


DDL 


DDE 






DUL 


DUE 







These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), thus are ideal for use 
in microprocessor-based systems. One other 1 3-V supply is needed for programming. All programming signals 
are TTL level. These devices are programmable using the SNAPI Pulse programming algorithm. The SNAPl 
Pulse programming algorithm uses a Vpp of 1 3 V and a Vqc of 6.5 V for a nominal programming time of thirteen 
seconds. For programming outside the system, existing EPROM programmers can be used. Locations can be 
programmed singly, in blocks, or at random. 
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operation 



The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TTL level except for Vpp during programming (1 3 V for SNAPI Pulse) , and 1 2 V on A9 for signature 
mode. 



FUNCTION 


MODEt 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE MODE 


E 


V|L 


V|L 


V IH 


V|L 


V|L 


V|H 


V, L 




V|L 


V| H 


X 


V|H 


V|L 


X 


V, L 


PGM 


X 


X 


X 


V|L 


V|H 


x 


X 


Vpp 


vcc 


Vcc 


vcc 


Vpp 


Vpp 


Vpp 


v cc 


vcc 


vcc 


v cc 


v cc 


vcc 


vcc 


vcc 


v cc 


A9 


X 


X 


X 


X 


X 


x 


v H * 


v H * 


AO 


X 


X 


X 


X 


X 




V|L 


V|H 


DQ0-DQ7 


Data Out 


Hi-Z 


Hi-Z 


Data In 


Data Out 


HI-Z 


CODE 


MFG 


DEVICE 


97 


D6 



t X can be V||_ or Vm- 
*V H = 12V±0.5V. 



read/output disable 

When the outputs of two or more TMS27C01 OAs or TMS27PC01 OAs are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs of the 
other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 

latchup immunity 

Latchup immunity on the TMS27C01 OA and TMS27PC01 OA is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.O. board level when the devices 
are interfaced to industry standard TTL or MOS logic devices. The input/output layout approach controls 
latchup without compromising performance or packing density. 

power down 

Active Iqc supply current can be reduced from 30 mA to 500 pA by applying a high TTL input on E and to 
100 mA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C01 OA) 

Before programming, the TMS27C01 OA EPROM is erased by exposing the chip through the transparent lid to 
a high intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity 
x exposure time) is 1 5-W-s/cm 2 . A typical 1 2-mW/cm 2 , f ilterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. 
It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C01 OA, the window should be covered with an opaque label. After erasure (all bits in logic high state) , 
logic lows are programmed into the desired locations. A programmed low can be erased only by ultraviolet light. 

initializing (TMS27PC01 OA) 

The one-time programmable TMS27PC010A PROM is provided with all bits in the logic high state, then logic 
lows are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 
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SNAPI Pulse programming 

The TMS27C010A and TMS27PC010A are programmed using the Tl SNAP! Pulse programming algorithm 
illustrated by the flowchart in Figure 1, which programs in a nominal time of thirteen seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAP! Pulse programming algorithm uses an initial pulse of 100 microseconds (\is) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-ns 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 1 3 V, Vqc = 6.5 V, E = V|l, G = VjyJData is presented in parallel 
(eight bits) on pins DQO through DQ7. Once addresses and data are stable, PGM is pulsed low. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified with 
Vcc= V PP = 5V±10%. 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pins, 
program verify 

Programmed bits can be verified with Vpp = 1 3 V when G = V|l, E = Vjl, and PGM = Vm- 
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C start ) 



I Address a First Location | 
| VpC = 6.5 V ± 0.25 V, Vpp = 13 V ± 0.25 7] 



Program 
Mode 



Program One Pulse ■ t w ■ 1 00 us | « — | Increment Address "] 




Increment 
Address 




- \ Program One Pulse = t w » 100 us "1 
No 



X = X + 1 




Interactive 
Mode 



Yes 



I VCC = VPP = 5V±0.5V | [] 



Device Failed 




Final 
Verification 



Device Passed 



Figure 1. SNAP! Pulse Programming Flowchart 
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signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) is forced to 12 V. Two identifier bytes are accessed by toggling AO. All addresses 
must be held low. The signature code for these devices is 97D6. AO low selects the manufacturer's code 97 
(Hex), and AO high selects the device code D6 (Hex), as shown by the signature mode table below. 



IDENTIFIERT 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


MANUFACTURER CODE 


V|L 


1 


0 


0 


1 


0 


1 


1 


1 


97 


DEVICE CODE 


V IH 


1 


1 


0 


1 


0 


1 


1 


0 


D6 



TE = (a = V|L, A1 -A8 = V|L, A9 = Vh, A10-A16 = V| L , Vpp = VqC- 



logic symbol* 



AO 
A1 
A2 


11 


10 


A3 


9 


A4 


8 


A5 


7 


A6 


6 


A7 
A8 
A9 


5 


27 


26 



A10 
A11 
A12 
A13 
A14 
A15 
A16 



25 



28 



29 



24 



EPROM131 072x8 



131071 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



16. 
[PWR DOWN] 



EN 



13 



14 



15 



17 



18 



19 



20 



21 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQO 
DQ7 



*This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC 
Publication 617-12. J package illustrated. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1) . . . -0.6 V to 7 V 

Supply voltage range, Vpp — ..... -0.6 Vto 14 V 

Input voltage range, All Inputs except A9 -0.6VtoVcc + 1 V 

A9 .......... -0.6Vto13.5V 

Output voltage range, with respect to Vss (see Note 1) — ....... -0.6 V to Vcc + 1 V 

Operating free-air temperature range ('27C01 OA- JL and JL4, 

'27PC010A-__NL, FML, DDL, and DUL) 0°Cto70°C 

Operating free-air temperature range ('27C01 OA- _JE and JE4, 

'27PC010A-~ _NE, FME, DDE, and DUE) .... -40°Cto85°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





'27C010A-10 
'27C010A/PC010A-12 
'27C010A/PC010A-15 
'27C010A/PC010A-20 


UNIT 


MIN TYP MAX 


Vrr Su PP ,v 
uu voltage 


Read mode (see Note 2) 


4.5 5 5.5 


V 


SNAP! Pulse programming algorithm 


6.25 6.5 6.75 


V 


Vpp Su PP ,v 
rr voltage 


Read mode (see Note 3) 


Vcc-0-6 Vcc Vcc +06 


V 


SNAP! Pulse programming algorithm 


12.75 13 13.25 


V 


Vm High-level dc input voltage 


TTL 


2 Vcc+0.5 


V 


CMOS 


Vcc-0-2 Vcc +05 


V||_ Low-level dc input voltage 


TTL 


-0.5 0.8 


V 


CMOS 


-0.5 GND+0.2 


Ta Operating free-air temperature 


'27C010A- JL.JL4 
'27PC010A-__NL, FML, DDL, DUL 


0 70 


°c 


T/\ Operating free-air temperature 


'27C010A- JE.JE4 
'27PC010A-_NE, FME, DDE, DUE 


-40 85 





NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp The device m ust not be inserted 

into or removed from the board when Vpp or Vcc is a PPl ied - 
3. During programming, Vpp must be maintained at 13 V ± 0.25 V. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Vqh High-level dc output voltage 


'OH = -20 hA 


Vcc-0.2 


V 


•OH ~ ~ 2 - 5 mA 


3.5 


Vol Low-level dc output voltage 


lOL = 2.1 mA 


0.4 


V 


IOL = 20mA 


0.1 


1 1 Input current (leakage) 


V| = 0Vto5.5V 


±1 


HA 


lO Output current (leakage) 


Vo*0VtoVcc 


±1 


MA 


Ipp-j Vpp supply current 


Vpp^vcc^s.sv 


10 


yiA 


lpp 2 Vpp supply current (during program pulse) 


Vpp = 13 V 


50 


mA 


ICC1 V CC supply current (standby) 


TTL-input level 


V C C = 55V, E=V| H 


500 


HA 


CMOS-input level 


VcC « 5.5 V, Ex Vcc ± 0.2 V 


100 


'CC2 V CC supply current (active) (output open) 


Vcc = 55V, E = V|L 
tcyde = minimum cycle timet, 
outputs open 


30 


mA 



t Minimum cycle time = maximum access time. 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz* 



PARAMETER 


TEST CONDITIONS 


MIN TYP§ MAX 


UNIT 


C| Input capacitance 


V|*0V, f *1 MHz 


4 8 


PF 


Cq Output capacitance 


Vq = 0 V, f = 1 MHz 


6 10 


PF 



* Capacitance measurements are made on sample basis only. 
§ All typical values are at Ta = 25°C and nominal voltages. 



switching characteristics over recommended ranges of operating conditions (see Notes 4 and 5) 



PARAMETER 


TEST 
CONDITIONS 


•27C010A-10 


'27C010A-12 
•27PC010A-12 


'27C010A-15 
'27PC010A-15 


•27C010A-20 
'27PC010A-20 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL=100pF, 
1 Series 74 
TTL load, 
Input t r « 20 ns, 
Input tf * 20 ns 


100 


120 


150 


200 


ns 


t a (E) Access time from chip enable 


100 


120 


150 


200 


ns 


ten(G) Output enable time from G 


55 


55 


75 


75 


ns 


Output disable time from G or 
E, whichever occurs first 11 


0 50 


0 50 


0 60 


0 60 


ns 


Output data valid time after 
t v (A) change of address, E, or G, 
whichever occurs first 11 


0 


0 


0 


0 


ns 



^ Value calculated from 0.5-V delta to measured output level. 

NOTES: 4. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low (reference AC testing waveform). 
5. Common test conditions apply for td; s except during programming. 
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switching characteristics for programming: Vqc = 6-5 V and Vpp = 13 V (SNAPI Pulse), Ta = 25°C 
(see Note 4) 



PARAMETER 


MIN MAX 


UNIT 


tdis(G) Disable time, output disable time from G 


0 130 


ns 


ten(G) Enable time, output enable time from G 


150 


ns 


recommended timing requirements for programming: Vqc = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
T A = 25°C, (see Note 4) 




MIN TYP MAX 


UNIT 


*w(PGM) Pulse duration, program | SNAP! Pulse programming algorithm 


95 100 105 


us 


t su(A) Setup time, address 


2 


us 


*su(E) Setup time, E 


2 


[IS 


*su(G) Setup time, G 


2 


[iS 


tsu(D) Setup time, data 


2 


[IS 


tsu(VPP) Setup time, Vpp 


2 


lis 


*su(VCC) Setup time, Vcc 


2 


[XS 


l h(A) Hold time, address 


0 


[IS 


th(D) Hold time, data 


2 


[iS 



NOTE 4: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low (reference AC testing waveform). 



Texas 
Instruments 

7-188 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS27C010A 1 048576-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC010A 1 048576-BIT PROGRAMMABLE 

READ-ONLY MEMORY 



SMLS110B- NOVEMBER 1990-REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 

2.08 V 



Output - 
Under Test 



R L = 800tt 



C L = 100pF 
JL (see Note A) 



NOTE A: Cl includes probe and fixture capacitance. 
Figure 2. AC Test Output Load Circuit 



AC testing Input/output wave forms 

2.4V 



0.4 V- 



X— 



2 V 
0.8 



DC 



AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A16 



DQ0-DQ7 



X 



• Hl-Z - 



Address Valid 



■t a (A)- 



X 



ta(E)- 



- *en(G) • 



X 



if 



I ta — 



tdis 



Ma) -w ►) 



<«««t ™ SMb -**- 



V| H 
V, L 

V| H 
V|L 

V| H 
V|L 

V| H 
V|L 



Figure 3. Read-Cycle Timing 
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A0-A16 



DQ0-DQ7 



Vpp 



V CC 



PGM 



< 




tsu(E)-rt- 



PROGRAMMING INFORMATION 



- Program - 



- Verify - 



Address Stable 



H — N-ts U (A) 



Data-in Stable 



I I 

* *t" tsu(D) 



> 



I 



N — N- t 8U (vpp) 



*su(VCC) 



th(D) 



tw(PGM) — fi ► 



X 



Address 
N + 1 



(Data-Out A_ 



tsu(G) 



tdls(G) f 



*ten(G) f | 



T *dis(G) and *en(G) are characteristics of the device but must be accommodated by the programmer. 
* 1 3-V Vpp and 6.5-V Vqq ft> r SNAP! Pulse programming. 

Figure 4. Program-Cycle Timing (SNAP! Pulse Programming) 



V|H 
V|L 

V|H/V0H 

Vil/vol 

Vpp 
VCC 

vcc* 
v C c 

V| H 
V|L 

V|H 
V|L 

V|H 
VlL 
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» Wide-Word Organization . . . 64K x 16 

» Single 5-V Power Supply 

» Operationally Compatible With Existing 
Megabit EPROMs 

i 40-Pin Dual-ln-Une Package and 44-Lead 
Plastic Leaded Chip Carrier 

• All Inputs/Outputs Fully TTL Compatible 

• ±10% Vcc Tolerance 

• Max Access/Min Cycle Time 

'27C210A-10 100 ns 

'27C/PC210A-12 120 ns 

'27C/PC210A-15 150 ns 

'27C/PC210A-20 200 ns 

'27C/PC210A-25 250 ns 

• 16-Bit Output For Use in 
Microprocessor-Based Systems 

• Very High-Speed SNAPI Pulse 
Programming 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pullup Resistors Required 

• Low Power Dissipation 

- Active . . . 275 mW Worst Case 

- Standby . . . 0.55 mW Worst Case 
(CMOS-Input Levels) 

• PEP4 Version Available With 168-Hour 
Burn-In and Choices of Operating 
Temperature Ranges 

description 

The TMS27C210A series are 1048576-bit, 
ultraviolet-light erasable, electrically program- 
mable read-only memories. 

The TMS27PC21 OA series are 1048576-bit, 
one-time electrically programmable read-only 
memories. 



J PACKAGE 
(TOP VIEW) 



V PP [ 


1 u 


40 


]vcc 


E[ 


2 


39 


]PGM 


DQ15[ 


3 


38 


]NC 


DQ14[ 


4 


37 


] A15 


DQ13[ 


5 


36 


] A14 


DQ12[ 


6 


35 


] A13 


DQ11[ 


7 


34 


] A12 


DQ10[ 


8 


33 


] A11 


DQ9[ 


9 


32 


] A10 


DQ8[ 


10 


31 


] A9 


GNDt[ 


11 


30 


]GNDt 


_ . — ._r 
DQ7L 


12 


29 


] A8 


DQ6[ 


13 


28 


] A7 


DQ5[ 


14 


27 


] A6 


DQ4[ 


15 


26 


] A5 


DQ3t 


16 


25 


] A4 


DQ2t 


17 


24 


] A3 


DQlt 


18 


23 


] A2 


DQ0t 


19 


22 


] A1 


Gt 


20 


21 


] AO 



FN PACKAGE 
(TOP VIEW) 
12 
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DQ12[ 7 
DQ11 [ 8 
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DQ9[ 
DQ8[ 

V SS C 
NC[ 
DQ7[ 
DQ6[ 
DQ5[ 
DQ4[ 



6 5 4 3 



2 1 44 43 42 41 40 

O 39 

38 
37 
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]A13 
]A12 
]A11 
36 ]A10 
35 ]A9 
34 ]Vss 
33 ]NC 
32 ]A8 
31 ]A7 
30 ]A6 
29 ]A5 



PIN NOMENCLATURE 



A0-A15 Address Inputs 

OQ0-DQ15 Inputs (programming) /Outputs 

E Chip Enable 

(a Output Enable 

GND Ground 

NC No Internal Connection 

PGM Program 

Vcc 5-V Power Supply 

Vpp 1 3-V Power Supply* 



t Pins 11 and 30 must be connected externally to ground. 
* Only in program mode. 
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description (continued) 

These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external 
resistors. 

The TMS27C210A EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C210A is also offered with two choices of 
temperature ranges, 0°C to 70°C (JL suffix) and - 40°C to 85°C (JE suffix) . The TMS27C21 OA is also offered 
with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). 

The TMS27PC210A OTP PROM is offered in a 44-pin plastic leaded chip carrier package using 1,25-mm 
(50-mil) lead spacing (FN suffix). The TMS27PC210A is offered with two choices of temperature ranges, 
0°C to 70°C (FNL suffix) and -40°C to 85°C (FNE suffix). The TMS27PC210A is also offered with 168 hour 
burn-in on both temperature ranges (FNL4 and FNE4 suffixes). (See table below.) 



EPROM 
AND 
OTP PROM 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 
168 HOUR BURN-IN 
VS TEMPERATURE RANGES 




0°Cto70°C 


-40°Cto85°C 


0°Cto70°C 


-40 o Cto85°C 


TMS27C21 OA-xx 


JL 




JL4 


JE4 


TMS27PC21 OA-xx 


FNL 


FNE 


FNL4 


FNE4 



These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), they are ideal for use 
in microprocessor based systems. One other (13 V) supply is needed for programming. All programming signals 
are TTL level. For programming outside the system, existing EPROM programmers can be used. 

operation 



The seven modes of operation for the TMS27C21 OA and TMS27PC21 OA are listed in the following table. The 
read mode requires a single 5-V supply. All inputs are TTL level except for Vpp during programming (13 V), and 
1 2 V on A9 for signature mode. 



FUNCTION 


MODEt 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE MODE 


E 


V|L 


V, L 


V|H 


VlL 


V|L 


V, H 


V, L 






V, H 


x 


V, H 


V, L 


X 


V, L 


PGM 


X 


X 


X 


V, L 


V| H 


X 


X 


Vpp 


v cc 


vcc 


vcc 


Vpp 


Vpp 


Vpp 


v cc 


vcc 


v cc 


vcc 


v cc 


v cc 


v cc 


vcc 


vcc 


A9 


X 


X 


x 


X 


X 


X 


VH* 


v H * 


AO 


X 


X 


X 


X 


X 


X 


V, L 


V|H 


DQ0-DQ15 


Data Out 


Hi-2 


Hi-Z 


Data In 


Data Out 


Hi-Z 


CODE 


MFG 


DEVICE 


97 


AB 



tXcanbeV|(_orV|H- 
* Vh»12V±0.5V. 



'S? TEXAS 

Instruments 

7-192 POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



TMS27C210A 1 048576-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC210A 1048576-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

SMLS31 PC- NOVEMBER 1 990 - REVISED JUNE 1995 



read/output disabie 

When the outputs of two or more TMS27C21 OAs or TMS27PC21 OAs are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs of the 
other devices. To read the output of a single device, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. . 

latchup immunity 

Latchup immunity on the TMS27C21 OA and TMS27PC21 OA is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients atthe P.C. board level when the EPROM 
is interfaced to industry standard TTL or MOS logic devices. The input/output layout approach controls latchup 
without compromising performance or packing density. 

For more information see application report SMLA001, "Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family, available through Tl Sales Offices. 

power down 

Active Ice supply current can be reduced from 50 mA to 500 mA by applying a high TTL input on E and to 
1 00 \iA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C21 OA) 

Before programming, the TMS27C210A is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity x 
exposure time) is 1 5-W*s/cm 2 . A typical 1 2-mW/cm 2 , filterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. 
It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C21 OA the window should be covered with an opaque label. / 

initializing (TMS27PC2 10 A) 

The one-time programmable TMS27PC21 OA PROM is provided with all bits in the logic high state, then logic 
lows are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAPI Pulse programming 

The TMS27C210A and TMS27PC210A are programmed using the Tl SNAPI Pulse programming algorithm 
illustrated by the flowchart in Figure 1, which can program in a nominal time of seven seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAP! Pulse programming algorithm uses an initial pulse of 100 microseconds ([is) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-^s 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 1 3 V, Vqc = 6.5 V,E=V|[_,G =V|h. Data is presented in parallel 
(16 bits) on pins DQ0 through DQ15. Once addresses and data are stable, PGM is pulsed low. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAPI Pulse programming routine is complete, all bits are verified with 
V cc = V PP = 5V±10%. 
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program Inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pins, 
program verify 

Programmed bits can be verified with Vpp = 1 3 V when G = V|_ E = Vjl, and PGM = V|h. 
signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 is forced to 12 V. Two identifier bytes are accessed by toggling AO. DQ0-DQ7 contain the 
valid codes. All other addresses must be held low. The signature code for these devices is 97AB. AO low selects 
the manufacturer's code 97 (Hex), and AO high selects the device code AB (Hex), as shown by the signature 
mode table below. 



IDENTIFIERT 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


MANUFACTURER CODE 


V|L 


1 


0 


0 


1 


0 


1 


1 


1 


97 


DEVICE CODE 


V| H 


1 


0 


1 


0 


1 


0 


1 


1 


AB 



t E = G = V|L, A9 = Vh, A1 -A8 = V| L , A10-A15 = V|l, Vpp = Vqc. PGM = V|H or Vjl. 



7-194 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS27C210A 1 048576-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC210A 1 048576-BIT PROGRAMMABLE 

READ-ONLY MEMORY 

SMLS310C- NOVEMBER 1990 - REVISED JUNE 1995 



Q Start ^ 



| Address * First Location | 



|VCC 8 65 V * 0-25 V. VPP « 13 V ± 0.25V| 



| Program One Pulse styyx 1QQ pt» ] < — | Increment Address ~| 



Program 
Mode 




No 



| Address a First Location 



Increment 
Address 



X = 0 



- \ Program One Pulse ■ t w ■ 1 00 us | 
No 




X = X + 1 




Interactive 
Mode 



Yes 



Vcc = Vpp a 5V±0.5V 1 f 



Device Failed 




Fall 



Final 
Verification 



Device Passed 



Figure 1. SNAPl Pulse Programming Flowchart 
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logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 



21 



22 



23 



24 



25 



26 



27 



28 



29 



31 



32 



33 



34 



35 



36 



37 



EPROM 65 536x16 



> A 



65 535 



15 



[PWR DWN] 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 




19 



18 



17 



16 



15 



14 



13 



12 



10 



DQO 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

DQ9 

DQ10 

DQ11 

DQ12 

DQ13 

DQ14 

DQ15 



t This symbol is in accordance with ANSI / IEEE Std 91-1 984 and IEC Publication 61 7-12. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc (see Note 1) -0.6 V to 7 V 

Supply voltage range, Vpp -0.6 V to 1 4 V 

Input voltage range (see Note 1): All inputs except A9 -0.6 V to Vqc + 1 V 

A9 -0.6 V to 13.5 V 

Output voltage range (see Note 1) -0.6 V to Vqc + 1 V 

Operating free-air temperature range ('27C210A- JL and JL4, '27PC210A-„FNL) ...... 0° C to 70°C 

Operating free-air temperature range ('27C210A- JE and JE4) - 40° C to 85°C 

Storage temperature range, T stg -65°C to 1 50°C 

* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





TMS27C210A-10 

TMS27C/PC210A-12 

TMS27C/PC210A-15 

TMS27C / PC21 OA-20 
TMS27C/PC210A-25 


UNIT 


MIN NOM MAX 


Vqc Supply voltage <* 


Read mode (see Note 2) 


4.5 5 5.5 


V 


SNAPI Pulse programming algorithm 


6.25 6.5 6.75 


Vpp Supply voltage 


Read mode 




V 


SNAP! Pulse programming algorithm 


12.75 13 13.25 


Vm High-level dc input voltage 


TTL 


2 Vcc+0.5 


V 


CMOS 


Vcc-0-2 Vcc+0-5 


V||_ Low-level dc input voltage 


TTL 


-0.5 0.8 


V 


CMOS 


-0.5 GND+0.2 


Ta Operating free-air temperature 


'27C210A- JL.JL4 
'27PC210A- FNL 


0 70 


°c 


TA Operating free-air temperature 


'27C210A-__JE,JE4 


-40 85 


°C 



NOTE 2: Vqc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be inserted 
into or removed from the board when Vpp or Vqc is applied. 



electrical characteristics over recommended ranges of operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Voh High-level dc output voltage 


IOH=~20mA 


Vcc-0.2 


V 


IOH=- 2mA 


2.4 


Vol Low-level dc output voltage 


Iql- 2.1mA 


0.4 


V 


IOL-20nA 


0.1 


l| Input current (leakage) 


V|xOVto5.5V 


±1 


HA 


Iq Output current (leakage) 


Vo*0VtoVcc 


±1 


HA 


Ipp-j Vpp supply current 


Vpp ssVcC 88 5.5 V 


10 


l*A 


|pp 2 Vpp supply current (during program pulse) 


V P p«13V 


50 


mA 


•CC1 V CC supply current (standby) 


TTL-input level 


Vqc- 5*5 V, E«V|H 


500 


HA 


CMOS-input level 


VCC-5.6V, E = V C C 


100 


'CC2 V CC supply current (active) 


Vcc*5.5V, E*V| L , 
tcyde = minimum cycle time, 
outputs open t 


50 


mA 



t Minimum cycle time - maximum address access time. 



capacitance over recommended ranges of supply voltage and operating free-air 
temperature, f = 1 MHz* 



PARAMETER 


TEST CONDITIONS 


MIN TYP§ MAX 


UNIT 


C| Input capacitance 


V| = 0 V, f - 1 MHz 


8 12 


PF 


Cq Output capacitance 


Vq = 0V, f = 1MHz 


12 15 


PF 



* Capacitance measurements are made on a sample basis only. 
$ Typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 3 
and 4) 



PARAMETER 


TEST 
CONDITIONS 


•27C210A-10 


•27PC210A-12 


'27C210A-15 

'27PC210A-15 


'27C210A.20 
'27PC210A-20 


'27C21 OA-25 
•27PC210A-25 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




Access time from 
a(A) address 




inn 


120 


150 


200 


250 




Access time from 
ta < E ) chip enable 




100 


120 


150 


200 


250 


ns 


. Output enable 

H9n(G) tima frnm ft 


CL ss 100 dF 
1 Series 74 
TTL load, 
Input t r & 20 ns, 
Input tf s 20 ns 


55 


55 


75 


75 


100 


ns 


Output disable 
. time from G or E, 
whichever occurs 
firstt 


0 50 


0 50 


0 60 


• 0 60 


0 60 


ns 


Output data valid 
time after change 
*v(A) of address, E, or 
G, whichever 
occurs firstt 




0 


0 


0 


0 


0 


ns 



t Value calculated from 0.5 V delta to measured level. This parameter is only sampled and not 100% tested. 

NOTES: 3. For all switching characteristics the input puise levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (reference AC testing waveform) 
4. Common test conditions apply for tdj S except during programming. 



switching characteristics for programming: Vqc = 6.5 V and Vpp = 13 V (SNAP! Pulse), Ta = 25°C 
(see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


tdis(G) Output disable time from 5 


0 100 


ns 


ten(G) Output enable time from (a 


150 


ns 


recommended timing requirements for programming: Vqq = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
T A = 25°C, (see Note 3) 




MIN TYP MAX 


UNIT 


*w(PGM) Pulse duration, program SNAPI Pulse programming algorithm 


95 100 105 


us 


t su(A) Setup time, address 


2 


\iS 


t S u(E) Setup time, E 


2 


|XS 


*su(G) Setup time, G 


2 


us 


tsu(D) Setup time, data 


2 




*su(VPP) Setup time, Vpp 


2 


us 


tsufVCC) Setu P time » V CC 


2 


JiS 


th(A) Hold time, address 


0 


us 


*h(D) Hold time, data 


2 


(IS 



NOTE 3: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic tow. (reference AC testing waveform) 
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PARAMETER MEASUREMENT INFORMATION 

2.08 V 

R L = 800C2 

Output _ 
Under Test " 

TCl ■ 100 pF 
_ (see Note A) 

NOTE A: C|_ includes probe and fixture capacitance. 
Figure 2. AC Testing Output Load Circuit 



AC testing input/output wave forms 

2.4 V 



0.4 V- 



T7V 



AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A15 



Addresses Valid 









\ 






I M ta(E) 






! \ 


i 
i 




| *en(G) 
I* *a(A) 




*v(A) -t 



DQ0-DQ15 



• Hl-Z - 



X 



-tdis- 



Output Valid 



Hl-Z- 



V|H 
V|L 

V|H 
V IL 

V|H 
VlL 

VOH 

vol 



Figure 3. Read-Cycle Timing 
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A0-A15 



DQ0-DQ15 



Vpp 



V C C 



PGM 



PROGRAMMING INFORMATION 



- Program - 



- Verify - 



_L 



Address Stable 



X 



Address 
N + 1 



H — N- tsu(A) 



I 



Data-in Stable 



> 



W-th(Aj>l 

(Data-Out \ 



— tsu(D) 



A 



4- 



I 



W W *su(VPP) 



I I 
H — W-t» U (vcc) 



■4- 



I I 
tsu(E)-M *| 



tw(PGM) | * ► [ 



th(D) 



\ *«u(G) 



W — tdls(G) T 



tenfC)*! 

_7 



Tt dis(G) and Wi(G) are characteristics of the device but must be accommodated by the programmer. 
* 1 3-V Vpp and 6.5-V Vcc for SNAP! Pulse programming. 

Figure 4. Program-Cycle Timing (SNAP! Pulse Programming) 



V| H 
V|L 

Vih/voh 
Vil/Vol 

Vpp* 

vcc 

vcc* 
vcc 

V| H 
V|L 

V|H 
V|L 

V|H 
V|L 
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Organization . . . 256K x 8 

Single 5-V Power Supply 

Operationally Compatible With Existing 
Megabit EPROMs 

Industry Standard 32-Pin Dual-In-line 
Package and 32-Lead Plastic Leaded Chip 
Carrier 

All Inputs/Outputs Fully TTL Compatible 

±1 0% V cc Tolerance 

Max Access/MIn Cycle Time 

V C c ±10% 

'27C/PC020-12 120 ns 
, 27C/PC020-15 150 ns 
'27C/PC020-20 200 ns 
'27C/PC020-25 250 ns 

8-Bit Output For Use in 
Microprocessor-Based Systems 

Very High-Speed SNAP! Pulse 
Programming 

Power Saving CMOS Technology 

3-State Output Buffers 

400 mV Minimum DC Noise Immunity With 
Standard TTL Loads 

Latchup Immunity of 250 mA on All Input 

and Output Pins 

No Pullup Resistors Required 

Low Power Dissipation (Vcc = 5.5 V) 

- Active . . . 165 mW Worst Case 

- Standby . . . 0.55 mW Worst Case 

(CMOS-Input Levels) 
PEP4 Version Available With 168-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 



description 



The TMS27C020 series are 2097152-bit, ultra- 
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC020 series are one-time electrical- 
ly programmable read-only memories. 

These devices are fabricated using power-saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by 
Series 74 TTL circuits without the use of external 
pullup resistors. Each output can drive one Series 
74 TTL circuit without external resistors. 
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PIN NOMENCLATURE 


A0-A17 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 


G 


Output Enable 


GND 


Ground 


PGM 


Program 


vcc 


5-V Power Supply 


Vpp 


13-V Power Supply* 



t The ADVANCE INFORMATION notice applies to this 
* Only in program mode. 



PRODUCTION DATA Information it 



standard warranty. Production proctMing doe* not necessarily Include 
tatting of all parameters. 



• currant aa of puMlcitton data. Copyright® 1995, Texas Instruments Incorporated 

per tha tarma of Texas Instrument* m tm 
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description (continued) 

The TMS27C020 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C020 is also offered with two choices of 
temperature ranges of 0° to 70°C (JL suffix) and - 40°C to 85°C (JE suffix). The TMS27C020 is also offered 
with 1 68-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC020 is offered in a 32-lead plastic leaded chip carrier using 1 ,25 mm (50 mil) lead spacing 
(FM suffix). The TMS27PC020 is offered with a temperature range of 0°C to 70°C. 



EPROM 


SUFFIX FOR OPERATING TEMPERATURE 
RANGES WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 168 HR. BURN-IN 
VS. TEMPERATURE RANGES 




0°Cto70°C 


-40°Cto85°C 


0°Cto70°C 


-40°Cto85°C 


TMS27C020-XXX 


JL 


JE 


JL4 


JE4 


TMS27PC020-XXX 


FML 









These EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (13 V) supply is needed for programming. All programming signals 
are TTL level. For programming outside the system, existing EPROM programmers can be used. 

operation 

The seven modes of operation for the TMS27C020 and TMS27PC020 are listed in the following table. The read 
mode requires a single 5-V supply. All inputs are TTL level except for Vpp during programming (13 V), and V H 
(1 2 V) on A9 for the signature mode. 



FUNCTION 


MODEt 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE MODE 


E 


V|L 


V|L 


V| H 


V|L 


V|L 


V|H 


V| L 




V|L 


V| H 


X 


V| H 


V|L 


X 


V|L 


PGM 


X 


X 


X 


V|L 


V|H 


X 


X 


Vpp 


vcc 


vcc 


vcc 


Vpp 


Vpp 


Vpp 


vcc 


vcc 


vcc 


vcc 


vcc 


v C c 


vcc 


vcc 


vcc 


A9 


X 


X 


X 


X 


X 


X 


v H * 


v H * 


AO 


X 


X 


X 


X 


X 


X 


V|L 


V|H 


DQ0-DQ7 


Data Out 


Hi-Z 


Hi-Z 


Data In 


Data Out 


Hi-Z 


CODE 


MFG 


DEVICE 


97 


32 



tXcan be V|LorV|H 
*V H = 12V±0.5V 



read/output disable 

When the outputs of two or more TMS27C020S or TMS27PC020s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs of the 
other devices. To read the output of a single device, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 

latchup immunity 

Latchup immunity on the TMS27C020 and TMS72PC020 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.O. board level when the EPROM 
is interfaced to industry standard TTL or MOS logic devices. The input/output layout approach controls latchup 
without compromising performance or packing density. 
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power down 

Active Ice supply current can be reduced from 30 mA to 500 yA by applying a high TTL input on E and to 
1 00 (iA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure 

Before programming, the TMS27C020 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose 
(UV intensity x exposure time) is 15-W s/cm 2 . A typical 12-mW/cm 2 , filterless UV lamp erases the device in 
21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are 
in the high state. It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the TMS27C020, the window should be covered with an opaque label. After erasure (all 
bits in logic high state) , logic lows are programmed into the desired locations. A programmed low can be erased 
only by ultraviolet light. 

SNAP1 Pulse programming 

The TMS27C020 and TMS27PC020 are programmed using the Tl SNAP! Pulse programming algorithm, 
illustrated by the flowchart in Figure 1, which programs in a nominal time of twenty-six seconds. Actual 
programming time varies as a function of the programmer used. 

The SNAP! Pulse programming algorithm uses an initial pulse of 100 microseconds (\xs) followed by a byte 
verification to determine when the addressed byte has been successfully programmed. Up to 10 (ten) 100-ns 
pulses per byte are provided before a failure is recognized. 

The programming mode is achieved when Vpp = 13 V, Vqc = 6.5 V, E = V||_, G = V|h > Data is presented in 
parallel (eight bits) on pins DQO through DQ7. Once addresses and data are stable, PGM is pulsed low. 

More than one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified with 
VcC = V PP = 5V± 10%. 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pins, 
program verify 



Programmed bits can be verified with Vpp = 13 V when G = Vjl, E = Vjl, and PGM = Vm- 
signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) is forced to 12 V. Two identifier bytes are accessed by toggling AO. All addresses 
must be held low. The signature code for the TMS27C020 is 9732. AO low selects the manufacturer's code 97 
(Hex), and AO high selects the device code 32 (Hex), as shown by the signature mode table below. 



IDENTIFIED 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


MANUFACTURER CODE 


V|L 


1 


0 


0 


1 


0 


1 


1 


1 


97 


DEVICE CODE 


V| H 


0 


0 


1 


1 


0 


0 


1 


0 


32 



t E - Q - V|L, A1 -A8 - V|L, A9 = Vh, A10-A17 = V||_, Vpp = Vco 
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( Stert ) 



I Address = First Location I 

1 

| VpC « 6.5 V ± 0.25 V, Vpp « 13 V ± 0.25 v| 

| Program One Pulse a t w s 100 us H — | Increment Address ~\ 



Program 
Mode 




\ Program One Pulse ■ t w ■ 100 us | 
No 



Interactive 
Mode 



Figure 1. SNAP! Pulse Programming Flowchart 



w , Texas 
Instruments 

7-204 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



TMS27C020 2097152-BIT UV ERASABLE PROGRAMMABLE 
TMS27PC020 2097152-BIT PROGRAMMABLE 
READ-ONLY MEMORY 

SMLS020B- NOVEMBER 1990 - REVISED JUNE 1995 



logic symbolt 



AO 
A1 
A2 


11 


10 


A3 


9 


A4 


8 


A5 


7 


A6 


6 


A7 
A8 
A9 


5 


27 


26 



A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 



23 



25 



28 



29 



30 



24 



EPROM 262 144 x8 



262 143 



17 , 
[PWR DOWN] 

EN 



AV 
AV 


13 


DQO 
DQ1 


14 


15 


AV 


DQ2 


17 


AV 


DQ3 


18 


AV 


DQ4 


19 


AV 
AV 


DQ5 
DQ6 


20 


21 


AV 


DQ7 





t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers are for the J package. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc (see Note 1 ) -0.6 V to 7 V 

Supply voltage range, Vpp -0.6 V to 1 4 V 

Input voltage range (see Note 1), All Inputs except A9 .... -0.6 V to Vqc + 1 V 

A9 -0.6 V to 13.5 V 

Output voltage range, with respect to Vss (see Note 1 ) -0.6 V to Vqc + 1 V 

Operating free-air temperature range ('27C020- JL and JL4) 0°C to 70°C 

Operating free-air temperature range ('27C020-__JE and JE4) -40 o Cto85°C 

Storage temperature range, T s t g -65°C to 1 50°C 

* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE1: All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


TYP 


MAX 


UNIT 


Vcc 


Supply voltage 


Read mode (see Note 2) 


4.5 


5 


5.5 


V 


SNAP! Pulse programming algorithm 


6.25 


6.5 


6.75 


V 


Vpp 


Supply voltage 


Read mode 


Vcc-0.6 


vcc 


Vcc +0-6 


V 


SNAP! Pulse pro$ 


jramming algorithm 


12.75 


13 


13.25 


V 


V| H 


High-level dc input voltage 




TTL 


2 




Vqc+0-5 


V 




CMOS 


Vcc~0.2 




Vcc +0.5 


V|L 


Low-level dc input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


-0.5 




GND+0.2 


T A 


Operating free-air temperature 




'27C020- JL, JL4 


0 




70 


°c 


ta 


Operating free-air temperature 




•27C020-__JE,JE4 


-40 




85 


°c 



NOTE 2: Vcc must applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be 
inserted into or removed from the board when Vpp or Vcc is applied. 



electrical characteristics over full ranges of operating conditions 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Vqh High-level dc output voltage 


l 0 H = "20 nA 


V C C -0.2 


V 


lOH = - 2 mA 


2.4 


Vol Low-level dc output voltage 


)OL = 2.1 mA 


0.4 


V 


IOL = 20mA 


0.1 


l| Input current (leakage) 


V| = 0Vto5.5V 


±1 


MA 


l<3 Output current (leakage) 


V 0 = OVtoV C C 


±1 


ma 


Ippi Vpp supply current 


Vpp = Vcc = 5.5 V 


10 


ma 


lpp 2 Vpp supply current (during program pulse) 


Vpp* 13 V 


50 


mA 


JCC1 v cc supply current (standby) 


TTL-input level 


V C C = 5.5V, ... E = V| H 


500 


MA 


CMOS-input level 


Vcc = 5.5 V. I» Vcc ± 0-2 V 


100 


ICC2 v cc supply current (active) 


VcC = 5.5V, E = V| L 
tcyde = minimum cycle time, 
outputs opent 


30 


mA 



t Minimum cycle time = maximum access time. 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz* 



PARAMETER 


TEST CONDITIONS 


MIN TYP§ MAX 


UNIT 


C| Input capacitance 


V|=0V, f=1MHz 


4 8 


PF 


Co Output capacitance 


V O = 0V, f=1MHz 


6 10 


PF 



* Capacitance measurements are made on sample basis only. 
§ All typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over full ranges of recommended operating conditions (see Notes 3 
and 4) 



PARAMETER 


TEST 
CONDITIONS 


'27C020-12 
'27PC020-12 


'27C020-15 
'27PC020-15 


27C020-20 
27PC020-20 


'27C020-25 
'27PC020-25 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL = 100pF, 
1 Series 74 
TTL load, 
Input tf* 20 ns, 
Input tf £ 20 ns 


120 


150 


200 


250 


ns 


*a(E) Access time from chip enable 


120 


150 


200 


250 


ns 


ten(G) Output enable time from G 


55 


75 


75 


100 


ns 


Output disable time from G or E, 
whichever occurs firstt 


0 50 


0 60 


0 60 


0 80 


ns 


Output data valid time after 
t v (A) change of address, E, or G, 
whichever occurs firstt 


0 


0 


0 


0 


ns 


t Value calculated from 0.5- V delta to measured output level. This parameter is sampled and not 1 00% tested. 

NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high 
and 0.8 V for logic low. (reference AC Testing Wave Form) 
4. Common test conditions apply for trjjs except during programming. 

switching characteristics for programming: V cc = 6.5 V and Vpp = 13 V (SNAP! Pulse), T A = 25°C 
(see Note 3) 


PARAMETER 


MIN MAX 


UNIT 


tdis(G) Output disable time from G 


0 100 


ns 


ten(G) Output enable time from G 


150 


ns 


recommended timing requirements for programming: Vqq = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
T A = 25°C, (see Note 3) 




MIN TYP MAX 


UNIT 


tw(PGM) Pulse duration, program SNAPI Pulse programming algorithm 


95 100 105 


us 


*su(A) Setup time, address 


2 


us 


*su(E) Setup time, E 


2 


us 


t su (Q) Setup time, G 


2 


US 


*su(D) Setup time, data 


2 


US 


*su(VPP) Setup time, Vpp 


2 


us 


*su(VCC) Setu P time, Vqc 


2 


us 


*h(A) Hold time > address 


0 


us 


th(D) Hold time, data 


2 


us 



NOTE 3: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (reference AC Testing Wave Form) 
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PARAMETER MEASUREMENT INFORMATION 

2.08 V 



Output 
Under Test 



R|_ = 800 Q 



GL*100pF 
(see Note A) 



NOTE A: C|_ includes probe and fixture capacitance. 
Figure 2. AC Testing Output Load Circuit 



AC testing Input/output wave forms 



2.4 V 



0.4 V 



X 



2V 
0.8 V 



Tv\tT 
o.8 vy y 



AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A17 



Addresses Valid 



-ta(A)- 



-ta(E)' 



- t«n(G) • 



X 



w 



J* 



I M *dis- 

tv(A) tt w 



DQ0-DQ7 



• Hl-Z - 



«««<i 



VlH 
V|L 

VlH 
V|L 

VlH 
V|L 

VlH 
VlL 



Figure 3. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A17 



DQ0-DQ7 



Vpp 



V CC 



PGM 




T tdis(G) and ten(G) are characteristics of the device but must be accommodated by the programmer. 
* 1 3-V Vpp and 6.5-V Vcc 1° r SNAP! Puise programming. 

Figure 4. Program-Cycle Timing (SNAP1 Pulse Programming) 
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Organization . . . 512K x 8 

Single 5-V Power Supply 

Industry Standard 32-Pin Dual In-Line 
Package and 32-Lead Plastic Leaded Chip 
Carrier 

All Inputs/Outputs Fully TTL Compatible 
Static Operation (No Clocks, No Refresh) 
Max Access/MIn Cycle Time 
V C c ± 10% 

'27C/PC040-10 100 ns 
'27C/PC040-12 120 ns 
'27C/PC040-15 150 ns 

8-Bit Output For Use in 
Microprocessor-Based Systems 

Power-Saving CMOS Technology 
3-State Output Buffers 
400-mV Assured DC Noise Immunity With 
Standard TTL Loads 

Latchup Immunity of 250 mA on All Input 

and Output Pins 

No Pullup Resistors Required 

Low Power Dissipation (Vcc = 5.5 V) 

- Active . . . 275 mW Worst Case 

- Standby . . . 0.55 mW Worst Cas E 
(CMOS-Input Levels) 

PEP4 Version Available With 168-Hour 
Burn-In, and Choice of Two Operating 
Temperature Ranges 



description 



The TMS27C040 series are 4194304-bit, ultra- 
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC040 series are 4194304-bit, 
one-time electrically programmable read-only 
memories. 

These devices are fabricated using CMOS 
technology for high speed and simple interface 
with MOS and bipolar circuits. All inputs (including 
program data inputs) can be driven by Series 74 
TTL circuits. Each output can drive one Series 74 
TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple 
devices to a common bus. 



TMS27C040 
J PACKAGE 
(TOP VIEW) 
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28 
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6 


27 
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7 


26 


1 AO 

j My 


A4[ 


8 


25 


] A11 


A3[ 


9 


24 


]5 


A2[ 


10 


23 


] A10 


A1[ 


11 


22 


]E 


A0[ 


12 


21 


]DQ7 


DQ0[ 


13 


20 


] DQ6 


DQ1[ 


14 


19 


] DQ5 


DQ2[ 


15 


18 


] DQ4 


GND[ 


16 


17 


]DQ3 



TMS27PC040 
FM PACKAGE 
(TOP VIEW) 

CM ID CO 0- O CO 

<<<>>< 
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8 




26 
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]A11 
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10 




24 




A1[ 


11 




23 


]A10 


A0[ 


12 




22 


]E 


DQ0[ 


13 


14 15 16 17 18 19 


21 

20 


]DQ7 



t- CM Q CO 

a o o q 



lO CO 



PIN NOMENCLATURE 


A0-A18 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 




Output Enable 


GND 


Ground 


vcc 


5-V Supply 


Vpp 


13-V Power Supplyt 



t Only in program mode. 
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description (continued) 

The TMS27C040 is offered in a 600-mil ceramic dual-in-line package (J suffix) . The TMS27C040 is offered with 
two choices of temperature ranges of 0°C to 70°C (JL suffix) and - 40°C to 85°C (JE suffix). The TMS27C040 
is also offered with 168-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC040 is offered in a 32-lead plastic leaded chip carrier package (FM suffix). The TMS27PC040 
is characterized for operation from 0°C to 70°C (FML suffix). 



FUNCTION 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR OPERATING 
TEMPERATURE RANGES WITH 
PEP4 168 HR. BURN-IN 


0°CTO70°C 


-40 °C TO 85°C 


0°CT0 70°C 


-40 °CT0 85°C 


TMS27C040-XXX 


JL 


JE 


JL4 


JE4 


TMS27PC040-XXX 


FML 









These EPROMs and PROMS operate from a single 5-V supply (in the read mode), and they are ideal for use 
in microprocessor-based systems. One other (13 V) supply is needed for programming. All programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 

operation 



The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TTL level except for Vpp during programming (13 V), and Vh (1 2 V) on A9 for the signature mode. 



MODE 


FUNCTION t 


E 


G 


Vpp 


v cc 


A9 


AO 


DQ0-DQ7 


Read 


V|L 


V|L 


v cc 


v cc 


x 


X 


Data Out 


Output Disable 


V|L 


V|H 


vcc 


vcc 


X 


x 


Hi-Z 


Standby 


V, H 


X 


vcc 


Vcc 


X 


X 


Hi-Z 


Programming 


V|L 


V| H 


Vpp 


vcc 


X 


X 


Data In 


Program Inhibit 


V, H 


V|H 


Vpp 


vcc 


X 


X 


Hi-Z 


Verify 


V, H 


V|L 


Vpp 


vcc 


X 


X 


Data Out 


Signature Mode 


V|L 


V|L 


vcc 


vcc 


v H * 


V|L 


MFG Code 97 


V, H 


Device Code 50 



tXcanbeV|LorV|H 
*Vh»12V±0.5V 



read/output disable 

When the outputs of two or more TMS27C040s or TMS27PC040s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from competing outputs of the 
other devices. To read the output of a single device, a low level signal is applied to the E and G pins. All other 
devices in the circuit should have their outputs disabled by applying a high level signal to one of these pins. 

latchup immunity 

Latchup immunity on the TMS27C040 and TMS27PC040 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the EPROM 
is interfaced to industry standard TTL or MOS logic devices. The input/output layout approach controls latchup 
without compromising performance or packing density. 
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power down 

Active Ice supply current can be reduced Jrom 50 mA to 1 mA by applying a high TTL input on E and to 
100 mA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C040) 

Before programming, the TMS27C040 EPROM is erased by exposing the chip through the transparent lid to 
a high intensity ultraviolet-light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity 
x exposure time) is 1 5-W-s/cm 2 . A typical 1 2-mW/cm 2 , f ilterless UV lamp erases the device in 21 minutes. The 
lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. 
It should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C040, the window should be covered with an opaque label. After erasure (all bits in logic high state), 
logic lows are programmed into the desired locations. A programmed low can be erased only by ultraviolet light. 

initializing (TMS27PC040) 

The one-time programmable TMS27PC040 PROM is provided with all bits in logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAP! Pulse programming 

The TMS27C040 and TMS27PC040 are programmed by using the SNAPI Pulse programming algorithm. The 
programming sequence is shown in the SNAP! Pulse programming flow chart (Figure 1). 

The initial setup is Vpp = 1 3 V, Vfjc = 6.5 V, E = Vm, and G = Vjh- Once the initial location is selected, the data 
is presented in parallel (eight bits) on pins DQO through DQ7. Once addresses and data are stable, the 
programming mode is achieved when E is pulsed low (Vjl) with a pulse duration of t W (pQM)- Every location is 
programmed only once before going to interactive mode. 

In the interactive mode, the word is verified at Vpp = 13 V, Vqc = 6.5 V, E = Vm, and G = V||_. If the correct data 
is not read, the programming is performed by pulling E low with a pulse duration of t W (pQM)- This sequence of 
verification and programming is performed up to a maximum of 1 0 times. When the device is fully programmed, 
all bytes are verified with Vqc = Vpp = 5 V ± 1 0%. 

program Inhibit 

Programming can be inhibited by maintaining high level inputs on the E and G pins, 
program verify 

Programmed bits can be verified with Vpp = 1 3 V when G = V|l, and E = Vm- 
signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) is forced to 12 V. Two identifier bytes are accessed by toggling AO. All other 
addresses must be held low. The signature code for the TMS27C040 is 9750. AO low selects the manufacturer's 
code 97 (Hex), and AO high selects the device code 50 (Hex), as shown by the signature mode table below. 



IDENTIFIERS 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


MANUFACTURER CODE 


V|L 


1 


0 


0 


1 


0 


1 


1 


1 


97 


DEVICE CODE 


V IH 


0 


1 


0 


1 


0 


0 


0 


0 


50 



t E = G = V||_, A1 -A8 = V|L, A9 = Vh, A1 0-A1 8 = V||_, Vpp = VcC- 
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Q Start ) 



I Address > First Location I 
1 

|VCC = 6.5 V ± 0.25 V, Vpp ■ 13 V ± 0.25 v| 

| Program One Pulse ■ t w ■ 100 \is \ * — | Increment Address ~| 



Program 
Mode 




Last X No 
Address? 



I Address ■ First Location I 



x = o 



Increment 
Address 




-| Program One Pulse ■ t w ■ 100 [is ~| 
No 



X = X + 1 




Interactive 
Mode 



Yes 

VCC = VPP S 5V±0.5V H 



Yes 



Device Failed 




Fall 



Final 
Verification 



Figure 1. SNAP! Pulse Programming Flow Chart 
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logic symbolt 



AO" 
A1 " 
A2 " 
A3" 
A4" 
A5" 
A6- 
A7" 
A8" 
A9- 
A10- 
A11 " 
A12" 
A13" 
A14" 
A15" 
A16- 
A17- 
A18- 
E - 

G- 



12 



11 



10 



27 



26 



23 



25 



28 



29 



30 



31 



22, 



24 



0\ 



EPROM 524 288 x8 



> A 



524 287 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



18/ 

[PWR DWN] 



EN 



13 



14 



15 



17 



18 



19 



20 



21 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



t This symbol is in accordance with ANSI / IEEE Std 91 -1 984 and IEC Publication 61 7-1 2. 
Pin numbers are for the J package. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc (see Note 1) , — -0.6 V to 7 V 

Supply voltage range, Vpp (see Note 1) -0.6 V to 1 4 V 

Input voltage range (see Note 1), All Inputs except A9 -0.6 V to V<x + 1 v 

A9 -0.6V to 13V 

Output voltage range, with respect to Vss (see Note 1) -0.6 V to Vqc + 1 V 

Operating free-air temperature range ('27C040- JL and JL4;'27PC040- FML) 0°C to 70°C 

Operating free-air temperature range ('27C040- JE andJE4) -40°Cto85°C 

Storage temperature range, T stg 7 -65°Cto125°C 

* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


TYP 


MAX 


UNIT 




Sunnlv vnltafiA 

wuppiy v wiiciy ^ 


Read mode (see Note 2) 


4.5 


5 


5.5 


V 


SNAP! Pulse programming algorithm 


6.25 


6.5 


6.75 


V 


Vpp 


Supply voltage 


Read mode 


Vcc-0.6 




VqC + 0.6 


V 


SNAPl Pulse programming algorithm 


12.75 


13 


13.25 


V 


V| H 


High-level dc input voltage 




TTL 


2 




VQC + 0.5 


V 




CMOS 


Vcc-0.2 




VQC + 0.5 


V 


V|L 


Low-level dc input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


-0.5 




0.2 


V 


T A 


Operating free-air temperature 


'27C040- JL and JL4 
■27PC040-.__.FML 


0 




70 


°c 


t a 


Operating free-air temperature 


•27C040-___JEandJE4 


-40 




85 


°c 



NOTE 2: Vqc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp The device m ust not be inserted 
into or removed from the board when Vpp or Vqq is applied. 



eiectrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Voh High-level dc output voltage 


'OH - " 400 HA 


2.4 


V 


lOH = - 20 nA 


v C c- 0.1 


Vol Low-ievel dc output voltage 


lOL ■ 2.1 mA 


0.4 


V 


lOL = 20 mA 


0.1 


1 1 Input current (leakage) 


Vi*0Vto5.5V 


±1 


MA 


Iq Output current (leakage) 


Vo*0VtoVcc 


±1 


i*A 


Ippi Vpp supply current 


Vpp ■ Vcc = 5.5 V 


10 


^A 


Ipp2 Vpp supply current (during program pulse) 


Vpp * 12.75 V 


50 


mA 


•CC1 Vcc supply current (standby) 


TTL-lnput level 


Vcc^S-SV, E-V|H 


1 


mA 


CMOS-Input level 


Vcc = 5.5V, E = Vcc 


100 


HA 


'CC2 Vcc supply current (active) 


E«V|L, VQC -5.5 V 
tcyde = minimum cycle time, 
outputs opent 


50 


mA 



t Minimum cycle time = maximum access time. 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz§ 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Cj Input capacitance 


V| = 0V 


4 8 


PF 


C 0 Output capacitance 


Vq = 0V 


8 12 


PF 



* Capacitance measurements are made on sample basis only. 
§ All typical values are at Ta = 25°C and nominal voltages. 
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switching characteristics over recommended ranges of operating conditions (see Notes 3 
and 4) 



DADAUCTED 


TEST CONDITIONS 


'27C040-10 
'27PC040-10 


'27C040-12 
'27PC040-12 


'27C040-15 
'27PC040-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


C L = 100pF, 
1 Series 74 
TTL load, 
Input t r « 20 ns, 
Input tf s 20 ns 


100 


120 


150 


ns 


t a (£) Access time from chip enable 


100 


120 


150 


ns 


t en(G) Output enable time from G 


60 


50 


50 


ns 


Output disable time from G or E, whichever 
^ te occurs first 


0 50 


0 50 


0 50 


ns 


Output data valid time after change of 
v(A) address, E, or G, whichever occurs firstt 


0 


0 


0 


ns 



t Value calculated from 0.5-V delta to measured output level. 

NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 



0.8 V for logic low. (reference AC Testing Wave Form) 
4. Common test conditions apply for tdj S except during programming. 



switching characteristics for programming: Vqc = 6.5 V and Vpp = 13 V (SNAP! Pulse), T& = 25°C 
(see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


t<jjs(G) Output disable time from G 


0 100 


ns 


*en(G) Output enable time from G 


150 


ns 


recommended timing requirements for programming: Vqc = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
T A = 25°C, (see Note 3) 




MIN TYP MAX 


UNIT 


t w (PGM) Pulse duration, program | SNAP! Pulse programming algorithm 


95 100 105 


US 


t su(A) Setup time, address 


2 


us 


t su(E) Setup time, E 


2 


us 


tsu(G) Setup time, G 


2 


us 


tsu(D) Setup time, data 


2 


US 


tsu(VPP) Setup time, Vpp 


2 


us 


*su(VCC) Setup time, Vcc 


2 


us 


*h(A) Hold time, address 


0 


us 


*h(D) Hold time, data 


2 


us 



NOTE 3: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (reference AC Testing Wave Form) 
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PARAMETER MEASUREMENT INFORMATION 

2.08 V 



Output 
Under Test ' 



Rl = 800 Q 



CL»100pF 
(see Note A) 



NOTE A: Cl includes probe and fixture capacitance. 
Figure 2. AC Testing Output Load Circuit 



AC testing input/output wave forms 

2.4V 

0.4V — 



XT 



8V 



0.8 V.^ 



AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A18 



zx 



Addresses Valid 



ta(A)" 



DQ0-DQ7 



»a(E)- 



ten(G)- 



X 



!i 



if 



I M tdls- 

tv(A) -rt — w 



■ Hl-Z- 



<«««i ™ ma --- 



V| H 
V|L 

V| H 
V|L 

V|H 
V|L 

V| H 
V|L 



Figure 3. Read-Cycle Timing 
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A0-A18 



DQ0-DQ7 



Vpp 



v cc 



PARAMETER MEASUREMENT INFORMATION 

\4 Verify 



- Program - 



zx 



± 



Address Stable 



* H-teu(A) 



< 



Data-in Stable 



, i 

rf *h «8U(D) 



> 



Hl-Z- 



N tsu(VPP) 



f* H- t su(E) 



— \ls 

I I 

*w(PGM) 



ten(G) 



th(D) 



th(A)" 



Data-Out 
Stable 



tsu(G) 



> 



-*r- tdis(G) 



1 1 3-V Vpp and 6.5-V Vcc for SNAP! Pulse programming 

Figure 4. Program-Cycle Timing (SNAPl Pulse Programming) 



V|H 
V|L 

vih/Voh 
Vil/vol 

Vppt 

vcc 

vcc* 
vcc 

V|H 
V|L 

V|H 
V|L 
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• Wide-Word Organization ...256K x 16 

• Single 5-V Power Supply 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operations (No Clocks, No Refresh) 
» Max Access/Min Cycle Time 

V CC ±10% 

'27C/PC240-10 100 ns 
'27C/PC240-12 120 ns 
'27C/PC240-15 150 ns 

• 16-Bit Output For Use in 
Microprocessor-Based Systems 

• Very High Speed SNAP! Pulse 
Programming 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Lines 

• No Pullup Resistors Required 

• Low Power Dissipation (Vqc = 5.5 V) 

- Active . . . 275 mW Worst Case 

- Standby . . . 0.55 mW Worst Case 
(CMOS-Input Levels) 

• PEP4 Version Available With 1 68-Hour 
Burn-In, and Choices of Operating 
Temperature Ranges 

description 

The TMS27C240 series are 4194304-bit, ultra- 
violet-light erasable, electrically programmable 
read-only memories. 

The TMS27PC240 series are 4194304-bit, 
one-time electrically programmable read-only 
memories. 

These devices are fabricated using power-saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs 
(including program data inputs) can be driven by 
Series 74 TTL circuits without the use of external 
pull-up resistors. Each output can drive one 
Series 74 TTL circuit without external resistors. 



TMS27C240 J PACKAGE 
(TOP VIEW) 



v PP [ 


1 


rr— 

v — ' 

40 


]v C c 


E[ 


2 


39 


]A17 


DQ15[ 


3 


38 


]A16 


DQ14[ 


4 


37 


]A15 


DQ13[ 


5 


36 


]A14 


DQ12[ 


6 


35 


]A13 


DQ11[ 




34 


]A12 


DQ10[ 


8 


33 


]A11 


DQ9[ 


9 


32 


]A10 


DQ8[ 


10 


31 


]A9 


GND*[ 


11 


30 


]GND* 


DQ7[ 


12 


29 


]A8 


DQ6[ 


13 


28 


]A7 


DQ5[ 


14 


27 


]A6 


DQ4[ 


15 


26 


]A5 


DQ3[ 


16 


25 


]A4 


DQ2[ 


17 


24 


]A3 


DQ1[ 


18 


23 


]A2 


DQOf 


19 


22 


]A1 


G[ 


20 


21 


]A0 



TMS27PC240 FN PACKAGE 
(TOP VIEW) 

CO t u> 

555 8:o 8 £ £ £ 2 
So Sim >z> <<<< 

nnnnnnnnnnn 



DQ12[ 
DQ11 [ 
DQ10[ 
DQ9[ 
DQ8[ 
GND*[ 
NC[ 
DQ7[ 
DQ6 
DQ5 
DQ4 



6 5 4 3 2 



1 44 43 42 41 40 

O 39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 



18 19 20 21 22 23 24 25 26 27 28 



]A13 
]A12 
]A11 
]A10 
]A9 

GNDt 

NC 

A8 

A7 

A6 

A5 



PIN NOMENCLATURE 



A0-A17 Address Inputs 

DQ0-DQ15 Inputs (programming) /Outputs 

E Chip Enable 

G Output Enable 

GND Ground 

NC No Connection 

Vcc 5-V Supply 

Vpp 1 3-V Power Supply * 



t Pins 1 1 and 30 (J package) and pins 1 2 and 34 (FN package) must 

be connected externally to ground. 
* OnV in program mode 



PRODUCTION DATA 
Products conform to 
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description (continued) 

The TMS27C240 EPROM is offered in a dual-in-line ceramic package (J suffix) designed for insertion in 
mounting hole rows on 15,2-mm (600-mil) centers. The TMS27C240 is also offered with two choices of 
temperature ranges of 0°C to 70°C (JL suffix) and - 40°C to 85°C (JE suffix). The TMS27C240 is also offered 
with 1 68-hour burn-in on both temperature ranges (JL4 and JE4 suffixes). (See table below.) 

The TMS27PC240 OTP PROM is offered in a 44-lead plastic leaded chip carrier package using 1,25-mm 
(50-mil) lead spacing (FN suffix). The TMS27PC240 is characterized for a temperature range of 0°C to 70°C. 





SUFFIX FOR OPERATING 
TEMPERATURE RANGES 
WITHOUT PEP4 BURN-IN 


SUFFIX FOR PEP4 
168 HR. BURN-IN 
VS TEMPERATURE RANGES 


0°CTO70°C 


-40°CTO85°C 


0°CTO70°C 


-40°CTO85°C 


TMS27C240-XXX 


JL 


JE 


JL4 


JE4 


TMS27PC240-XXX 


FNL 


FNE 


N/A 


N/A 



These EPROMs and OTP PROMs operate from a single 5-V supply (in the read mode), and they are ideal for 
use in microprocessor-based systems. One other (13 V) supply is needed for programming . All programming 
signals are TTL level. For programming outside the system, existing EPROM programmers can be used. 

operation 



The eight modes of operation for the TMS27C240 and TMS27PC240 are listed in the following table. The read 
mode requires a single 5-V supply. All inputs are TTL level except for Vpp during programming (13 V for SNAP! 
Pulse), and 12 V on A9 for the signature mode. 





FUNCTION t 


E 


G 


Vpp 


v cc 


A9 


AO 


I/O 


Read 


V|L 


V|L 


vcc 


vcc 


X 


X 


DQ0-DQ7 
DQ8-DQ15 


Output Disable 


V, L 


V| H 


vcc 


vcc 


X 


X 


Hi-Z 


Standby 


V|H 


x 


vcc 


vcc 


X 


X 


Hi-Z 


Programming 


V, L 


V| H 


Vpp 


vcc 


X 


X 


Data In 


Verify 


V, H 


V IL 


Vpp 


vcc 


x 


X 


Data Out 


Program Inhibit 


V|H 


V| H 


Vpp 


vcc 


X 


X 


Hi-Z 


Signature Mode (Mfg) 


V|L 


V IL 


vcc 


v cc 


v H * 


V, L 


Mfg Code 
0097 


Signature Mode (Device) 


V IL 


V|L 


vcc 


vcc 


vh* 


V|H 


Device Code 
0030 



t X can be V|l or V|h- 
*Vh = 12V±0.5V. 



read/output disable 

When the outputs of two or more TMS27C240s or TMS27PC240s are connected in parallel on the same bus, 
the output of any particular device in the circuit can be read with no interference from the competing outputs 
of the other devices. To read the output of a single device, a low-level signal is applied to the E and G pins. All 
other devices in the circuit should have their outputs disabled by applying a high-level signal to one of these 
pins. 
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latchup immunity 

Latchup immunity on the TMS27C240 and TMS27PC240 is a minimum of 250 mA on all inputs and outputs. 
This feature provides latchup immunity beyond any potential transients at the P.C. board level when the devices 
are interfaced to industry-standard TTL or MOS logic devices. Input-output layout approach controls latchup 
without compromising performance or packing density. 

power down 

Active Ice supply current can be reduced Jrom 50 mA to 1 mA by applying a high TTL input on E and to 
100 mA by applying a high CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure (TMS27C240) 

Before programming, the TMS27C240 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). The recommended minimum exposure dose (UV intensity x 
exposure time) is 15-W s/cm 2 . A 12-mW/cm 2 , filterless UV lamp erases the device in 21 minutes. The lamp 
should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in the high state. It 
should be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using 
the TMS27C240, the window should be covered with an opaque label. 

initializing (TMS27PC240) 

The one-time programmable TMS27PC240 PROM is provided with all bits in the logic high state, then logic lows 
are programmed into the desired locations. Logic lows programmed into an OTP PROM cannot be erased. 

SNAP! Pulse programming 

The TMS27C240 and TMS27PC240 are programmed by using the SNAPI Pulse programming algorithm. The 
programming sequence is shown in the SNAP! Pulse programming flow chart, see Figure 1 . 

The initial setup is Vpp = 1 3 V, Vqc = 6.5 V, E = Vm, and G = V|h- Once the initial location is selected, the data 
is presented in parallel (eight bits) on_pins DO0 through DQ15. Once addresses and data are stable, the 
programming mode is achieved when E is pulsed low (Vjl) with a pulse duration of t w (pQM)- Every location is 
programmed only once before going to interactive mode. 

In the interactive mode, the word is verified at Vpp = 13 V, Vqc = 6.5 V, E = V|h, and G = V^. If the correct data 
is not read, the programming is performed by pulling E low with a pulse duration of t w (pQM)- Tnis sequence of 
verification and programming is performed up to a maximum of 1 0 times. When the device is fully programmed, 
all bytes are verified with Vqc = Vpp = 5 V ± 1 0%. 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E and G pins, 
program verify 

Programmed bits can be verified with Vpp = 1 3 V when G = Vjl and E = Vjh. 
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signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 31 for the J package) is forced to 12 V. Two identifier bytes are accessed by toggling 
AO. DQ0-DQ7 contain the valid codes. All other addresses must be held low. The signature code for these 
devices is 9730. AO low selects the manufacturer's code 97 (Hex), and AO high selects the device code 30 
(Hex), as shown by the signature mode table below. 



IDENTIFIERt 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


MANUFACTURER CODE 


V|L 


1 


0 


0 


1 


0 


1 


1 


1 


97 


DEVICE CODE 


V|H 


0 


0 


1 


1 


0 


0 


0 


0 


30 



t E = (a = V|L, A9 * Vh, A1 -A8 = V| L> A1 0-A1 7 = V| L , Vpp = Vqc. PGM = V|H or V||_. 
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C 



Start 



I Address = First Location I 

T 

| V C C = 6.5V, Vpp»13V | 
| Program One Pulse a t w ■ 1 00 \ 4 — | Increment Address "] 



Program 
Mode 




| Address a First Location | 
►I X = 0 | 



-| Program One Pulse a t w « 100 us | 
No 1 



Interactive 
Mode 




Figure 1. SNAP! Pulse Programming Flowchart 
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logic symbol*!* 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
A13 
A14 
A15 
A16 
A17 



21 



22 



23 



24 



25 



26 



27 



28 



29 



31 



32 



33 



34 



35 



36 



37 



38 



39 



EPROM 256Kx16 



> A 



262 143 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



17 



[PWR OWN] 




19 



18 



17 



16 



15 



14 



13 



12 



10 



DQO 

DQ1 

DQ2 

DQ3 

DQ4 

DQ5 

DQ6 

DQ7 

DQ8 

DQ9 

DQ10 

DQ11 

DQ12 

DQ13 

DQ14 

DQ15 



t These symbols are in accordance with ANSI /IEEE Std 91 -1984 and IEC Publication 617-12. 
Pin numbers are for the J package. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage range, Vqc (see Note 1) -0.6 V to 7 V 

Supply voltage range, Vpp -0.6 Vto 13 V 

Input voltage range (see Note 1): All inputs except A9 -0.6 V to Vqc + 1 V 

A9 -0.6 Vto 13.5V 

Output voltage range (see Note 1 ) -0.6 V to Vqc + "I V 

Operating free-air temperature range ('27C240- JL and JL4, 

'27PC240- FNL) 0°Cto70°C 

Operating free-air temperature range ('27C240-_ _JE and JE4) - 40° C to 85° C 

Storage temperature range, T stg -65°C to 1 50° C 

i Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 
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recommended operating conditions 





MIN 


MOM 


MAY 
MIMA 


UNIT 


V CC 


Supply voltage 


Read mode (se< 


3 Note 2) 




e 
O 


o.o 


V 


SNAPI Pulse programming algorithm 


6.25 


6.5 


6.75 




Vpp 


Supply voltage 


Read mode 


Vcc-0.6 




Vcc+0.6 


V 


SNAPI Pulse programming algorithm 


12.75 


13 


13.25 


V|H 


High-level dc input voltage 




TTL 


2 




Vcc+0-5 


V 




CMOS 


Vcc-0.2 




Vcc+0-5 


V|L 


Low-level dc input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


-0.5 




0.2 


T A 


Operating free-air temperature 




'27C240- JL, JL4 
*27PC24(k__FNL 


0 




70 


°c 




Operating free-air temperature 




•27C240- JE, JE4 


-40 




85 


°c 



NOTE 2: Vqc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be inserted 
into or removed from the board when Vpp or Vqc is applied. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


v OH High-level dc output voltage 


Iqh = - 400 hA 


2.4 


V 


lOH =-20 nA 


Vcc-0.1 


Vol Low-level dc output voltage 


lOL* 2.1mA 


0.4 


V 


lOL - 20 nA 


0.1 


1 1 Input current (leakage) 


Vi-ovtos.sv 


±1 


HA 


lO Output current (leakage) 


Vo = 0VtoVcc 


±1 


HA 


Ippi Vpp supply current 


Vpp = Vqc - 5.5 V 


10 




lp P2 Vpp supply current (during program pulse) 


Vpp = 13V 


50 


mA 


•CC1 VCC supply current (standby) 


V C C = 5.5V, E = V| H 


1 


mA 


VcC = 5.5V, E = V C C 


100 


HA 


•CC2 V CC supply current (active) 


Vcc^SSV, E = V| L , 
tcycle = minimum cycle time, 
outputs open 


50 


mA 



capacitance over recommended ranges of supply voltage and operating free-air 
temperature, f = 1 MHzt 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Cj Input capacitance 


V|»0V 


4 8 


PF 


C 0 Output capacitance 


Vq = 0V 


8 12 


PF 



t Capacitance measurements are made on a sample basis only. 
* Typical values are at T^ 25°C and nominal voltages. 
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switching characteristics over recommended ranges of operating conditions (see Notes 3 
and 4) 



PARAMETER 


TEST CONDITIONS 


'27C240-10 
'27PC240-10 


'27C240-12 
'27PC240-12 


'27C240-15 
'27PC240-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


t a (A) Access time from address 


CL = 100pF, 
1 Series 74 
TTL load, 
input t r % 20 ns, 
Input tf s 20 ns 


100 


120 


150 


ns 


t a (E) Access time from chip enable 


100 


120 


150 


ns 


t en(G) Output enable time from <a 


50 


50 


50 


ns 


Output disable time from G or E, whichever 
occurs firstt 


0 50 


0 50 


0 50 


ns 


Output data valid time after change of 
V ( A ) address, E, or (a, whichever occurs firstt 


0 


0 


0 


ns 



t Value calculated from 0.5 V delta to measured level. This parameter is only sampled and not 1 00% tested. 

NOTES: 3. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 



0.8 V for logic low. (reference AC Testing Wave Form) 
4. Common test conditions apply for t<jj S except during programming. 



switching characteristics for programming: Vqc = 6.5 V and Vpp = 13 V (SNAP! Pulse), Ta = 25°C 
(see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


tdis(G) Output disable time from G 


0 100 


ns 


ten(G) Output enable time from G 


150 


ns 


recommended timing requirements for programming: V C c = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
T A = 25°C, (see Note 3) 




MIN TYP MAX 


UNIT 


tw(PGM) Pulse duration, program | SNAP! Pulse programming algorithm 


95 100 105 


us 


t su(A) Setup time, address 


2 


us 


WE) Setup time, E 


2 


us 


*su(G) Setup time, G 


2 


us 


*su(D) Setup time, data 


2 


US 


*su(VPP) Setup time, Vpp 


2 


us 


*su(VCC) Setup time, Vcc 


2 


us 


th(A) Hold time, address 


0 


us 


th(D) Hold time, data 


2 


us 



NOTE 3: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (reference AC Testing Wave Form) 
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PARAMETER MEASUREMENT INFORMATION 



2.08 V 



Output 
Under Test 



R L = 800fl 



CL*100pF 
(see Note A) 



NOTE A: Cj_ includes probe and fixture capacitance. 
Figure 2. AC Testing Output Load Circuit 



AC testing Input/output wave forms 



2.4 V 
0.40V 



X 



Tv - 

0.8 V 



"WW" 
0.8 v,A 



A.C. testing Inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



A0-A17 



DQ0-DQ15 



X 



Address Valid 



\ 



• Hl-Z - 



-ta(E)- 



\ 



ten(G) 1<- 
ta(A)- 



X 



if 



if 



k—H- 



*-«di« 



Figure 3. Read-Cycle Timing 
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A0-A17 



DQ0-DQ15 



Vpp 



VCC 



PARAMETER MEASUREMENT INFORMATION 



- Program • 



- Verify - 



x 



Address Stable 



N *+-t«u(A) 



Data-in Stable 



A 



A 



> 



Hl-Z- 



*su(D) 



N t 8U (VPP) 



tsu(E) 



N p|-t«u(VCC)| 

I I 
*w(PGM) k ►! 



ten(G) 



th(D) 



t h (A)- 



CData-Out \ 
Stable y " 



r« *t-*dls(G) 



tsu(G) 



I I 

N, r 



1 1 3-V Vpp and 6.5-V Vqc fc> r SNAP! Pulse programming 

Figure 4. Programming-Cycle Timing (SNAP! Pulse Programming) 
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SMJ416160 16777216-bit (1 024K x 16) Enhanced Page Mode 8-123 

SMJ418160 16777216-bit (1 024K x 16) Enhanced Page Mode . . 8-123 
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SMJ44C251 B 1 048576-bit (256K x 4) Multiport Video RAM 8-1 45 
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Organization . . . 262144 Words x 4 Bits 
Single 5-V Supply (10% Tolerance) 
Processed to MIL-STD-833, Class B 
Performance Ranges: 

ACCESS ACCESS ACCESS 
TIME TIME TIME 
ta(R) ta(C) ta(CA) 
(tRAC) (tCAC) (*CAA) 



SMJ44C256-80 
SMJ44C256-10 
SMJ44C256-12 
SMJ44C256-15 



(MAX) 
80 ns 
100 ns 
120 ns 
150 ns 



(MAX) 

20 ns 
25 ns 
30 ns 
40 ns 



(MAX) 
40 ns 
45 ns 
55 ns 
70 ns 



READ 

OR 
WRITE 
CYCLE 
(MIN) 
150 ns 
190 ns 
220 ns 
260 ns 



• Enha nced P age M ode Operation With 
CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 

512-Cycle Refresh in 8 ms (Max) 

• All Inputs and Clocks are TTL Compatible 



• 3-State Unlatched Output 

• Low Power Dissipation 

• Packaging Offered: 

- 20-Pin 300-Mil Ceramic DIP (JD Suffix) 

- 20-Lead Ceramic Surface-Mount Package 
(HJ Suffix) 

- 20-Pin Ceramic Flat Pack (HK Suffix) 

- 20-Terminal Leadless Ceramic 
Surface-Mount Package (FQ Suffix) 

- 20-Terminal Low-Profile Leadless 
Ceramic Surface-Mount Package 
(HL Suffix) 

- 20-Pin Ceramic Zig Zag In-Line Package 
(SV Suffix) 

• Operating Free-Air Temperature Range 

-55°Cto125°C 



JD PACKAGE 
(TOP VIEW) 



HJ PACKAGE 
(TOP VIEW) 




DQ1 t 
DQ2E 
W i 
RASt 
TFt 
AOc 
A1 t 
A2c 
A3c 

Vcc< 



DQ1C 


1o U 


26 


□ v ss 


DQ2C 


2 


25 


□ DQ4 


wC 


3 


24 


□ DQ3 


RASC 


4 


23 


□ CAS 


tfC 


5 


22 


□ G 


AOC 


9 


18 


□ A8 


A1C 


10 


17 


□ A7 


A2C 


11 


16 


□ A6 


A3d 


12 


15 


□ A5 


vccc: 


13 


14 


□ A4 



HK PACKAGE 
(TOP VIEW) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



V S S 

DQ4 

DQ3 

CAS 

G 

A8 

A7 

A6 

A5 

A4 



PIN NOMENCLATURE 



A0-A8 


Address Inputs 


CAS 


Column Address Strobe 


DQ1-DQ4 


Data In /Data Out 


G 


Data Output Enable 


RAS 


Row Address Strobe 


TF 


Test Function 


vcc 


5-V Supply 


v S s 


Ground 


W 


Write Enable 



FQ/HL PACKAGES 
(TOP VIEW) 



SV PACKAGE 
(TOP VIEW) 




EPIC is a trademark of Texas Instruments Incoi 



PRODUCTION DATA Information Is currant as of publication date. Copyright © 1 995, Texas Instruments Incorporated 

Products conform to specifications per tht terms of Texas Instruments 9 ! 9 

standard warranty. Production processing doss not necessarily include TrvAr 

testing of all parameters. I EXAS 
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description 

The SMJ44C256 series is a set of high-speed, 1 048576-bit dynamic random access memories (DRAMs), 
organized as 262144 words of four bits each. These devices employ EPIC™ (Enhanced Performance 
Implanted CMOS) technology for high performance, reliability, and low power. 

These devices feature maximum RAS access times of 80 ns, 100 ns,120 ns, and 150 ns. Maximum power 
dissipation is as low as 305 mW operating and 16.5 mW standby on 150-ns devices. 

The EPIC technology permits operation from a single 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. Ice peaks are 140 mA typical, and an input voltage undershoot of 
-1 V can be tolerated, minimizing system noise considerations. 

All inputs and outputs, including clocks, are compatible with Series 54/1 74 TTL All addresses and data-in lines 
are latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The SMJ44C256 is offered in 20-pin ceramic dual-in-line packages (JD suffix) and 20/26-terminal ceramic 
leadless carriers (FQ/HL suffixes), 20/26-pin leaded carrier (HJ suffix), a 20-pin flatpack (HK suffix), and a 
20-pin ceramic zig-zag in-line package (SV suffix). They are specified for operation from -55°C to125°C. 

logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 



RAS 



CAS 



11 



12 



13 



14 



15 



17 



~ 16 



RAM 256K x 4 



20D9/21D0 



> A 



20D17/21D8^ 
£4> C20[ROW] 



262 143 



G23/[REFRESH ROW] 
24[PWR DWN] 
-fc>|> C21/[COLUMN] 
G24 



& 



23,21 D 



> 23C22 
24.25EN 



G25 



DQ1 

DQ2 
DQ3 
DQ4 



n. 



18 



19 



A,22D 
V26 



A.Z26 " " 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. Pin numbers shown are for the JD package. 
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functional block diagram 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 















- 






— -4 — ► 






► 




■4 — 




— 4. 
— •) — 





RAS CAS W Q 

i i i i 



Timing and Control 



Row 
Address 
Buffers 
(9) 



Column 
Address 
Buffers 
(9) 



256K 
Array 



1 



Row 
Decode 



256K 
Array 



Sense Amplifiers 



Column Decode 



Sense Amplifiers 


256K 
Array 


Row 
Decode 


256K 
Array 



I/O 
Buffers 
4of 8 
Selection 



7\ 









Data 




In 

Reg 










Data 


— 


Out 
Reg 









DQ1-DQ4 



operation 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address mult iplex is eliminate d. The maximum 
number of columns that c an be accessed is determined by the maximum RAS low time and the CAS page cycle 
time used. With minimum CAS page cycle t ime, all 51 2 columns specified by column addresses AO through A8 
can be accessed without intervening RAS cycles. 

Unlike c onve ntional page mode DRAMs, the column-address buffers in this devi ce are activated on the falling 
edge of RAS. The buffe rs act as transparent or flow-through latches while CAS is high. The column address 
latches to the first CAS falling edge. This feature allows the SMJ44C256 to operate at a wider data bandwidth 
than c onve ntional page mode parts, since data retrieval begins as soon as column address is valid rather than 
when CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column 
address can be presented im media tely after th(RA) (row address hold time) has been satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after t a (c) maximum (access time from CAS 
low), if t a (CA) maximum (access time from column addr ess) has been satisfied. In the event that column 
addresses for the next page cycle are valid at the time CAS goes high, access ti me for the next cycle is 
determined by the later occurrence of t a (c) or t a (cp) (access time from rising edge of CAS). 
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address (AO through A8) 

Eighteen address bits are required to decode 1 of 262 1 44 sto rage cell locations. Nine row-address bits are set 
up on pins AO through A8 and latched o nto the chip by RAS. Nine column-address bits are set up on pins AO 
throu gh A8 and latc hed onto the chip by CAS. All addresses must be stable on or before the falling edges of 
RAS and CAS. RAS is sim ilar to a chip enable in that it activates the sense amplifiers as well as the row decoder. 
In the SMJ44C256, CAS is used as a chip select, activating the output buffer as well as latching the address 
bits into the column-address buffers. 

write enable (W) 

The read or write mode is selected through W. A logic high on the W input selects the read mode and a logic 
low selects the write mode. The write-enable terminal can be driven from the standard TTL circuits with out a 
pullup resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS 
(early-write), data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
G grounded. 

data in (DQ1-DQ4) 

D ata is written during a write or read-modify-write cycle. Depending on the mode of operation, the fal ling e dge 
of CAS or W strobes data i nto th e on-chip data latch. In an early-write cycle, W is brought low prior to CAS and 
the data is strobed in by CA S with setup and hold times referenced to this signal. In a delayed-write or 
read-modify-write cycle, CAS is already low, the data is strobed in by W with setup and hold times referenced 
to this signal. In a delayed-write or read-modify-write cycle, G must be high to bring the output buffers to the 
high-impedance state prior to applying data to the I/O lines. 

data out (DQ1-DQ4) 

The 3-state output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout of two 
Seri es 54 TTL loads. Data out is the same polarity as data in. The output is in the high-impedance (floating) state 
until CAS and G are brought low. In a r ead cy cle the output becomes valid after the access time interval t a (Q 
that begins with the negative transition of CAS as long as t a ( R\ and t a (CA) are sati sfied. The output becomes valid 
after the access time has elapsed and remains valid while CAS and G are low. CAS or G going high returns it 
to a high-impedance state. This is accomplished by bringing G high prior to applying data, thus satisfying td(GHD) • 

output enable (G) 

G controlsthe impedance of the output buffers. When G is high, the buffers remain in the high-impedance state. 
Bringing G low during a nor mal cy cle activates the output buffers, putting them in the low-impedance state. It 
is necessary for both G and CAS to be brought low for the output buffers, to go into the l ow-im pedance state. 
Once in the low-impedance state, they remain in the low-impedance state until either G or CAS is brought high. 

refresh 

A refresh operation must be performed at least once every 8 ms to retain data. This can be achieved by strobing 
each of the 51 2 rows (A0-A8). A normal re ad or write cycle refreshes all bits in each row that is selected. A 
RAS-only operation can be used by holding CAS at the high (inactive) level, conserving power as the ou tput 
buffer remains in the high-impedance state. Externally generated addresses must be used for a RAS-only 
refresh. Hi dden refresh can be performed while maintaini ng va lid data at the output pin. This is accomplished 
by ho lding CAS at V|l after a read operation and cycling RAS after a specified precharge period, similar to a 
RAS-only refresh cycle. 

CBR refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS [see paramete r tdfC LRURl an d holding it low after 
RAS falls [see parameter td(RLCH)Rl- For successive CBR refresh cycles, CAS can remain low while cycling 
RAS. The external address is ignored and the refresh address is generated internally. The external address is 
also ignored during the hidden refresh option. 
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power up 

To achieve proper device operation, an initial pause of 200 (xs followed by a minimum of eight initialization 
(refresh) cycles is required after power-up to the full Vcc level. 

test function pin 

During normal device operation the TF pin must either be disconnected or biased at a voltage less than or equal 
to Vcc- 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)+ 



Supply voltage range, Vcc • 0 V to 7 V 

Voltage range on any pin (see Note 1) - 1 V to 7 V 

Short-circuit output current 50 mA 

Continuous total power dissipation 1 W 

Operating free-air temperature range, Ta - 55°C to 1 25°C 

Storage temperature range, T stg - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5 


5.5 


V 


vss 


Supply voltage 


0 


V 


V|H 


High-level input voltage 


2.4 




6.5 


V 


V|L 


Low-level input voltage (see Note 2) 


-1 




0.8 


V 


ta 


Operating free-air temperature 


-55 


°C 




Case temperature 


125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


WAV AAllAmAUA 

TEST CONDITIONS 


'44C256-80 


'44C256-10 


'44C256-12 


'44C256-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


JqH * - 5 mA 


2.4 


2.4 


2.4 


2.4 


V 


v Low-level output 
0L voltage 


'OL ■ 42 mA 


0.4 


0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vqc = 5 V, V| = 0 V to 6.5 V, 
All other pins ■ 0 V to Vcc 


±10 


±10 


±10 


±10 


|iA 


. Output current 
10 (leakage) 


V C C = 5.5V, Vo = 0toVcc. 
CAS high 


±10 


±10 


±10 


±10 


HA 


Read- or 
'CC1 write-cycle 
current 


tc(rdW) - minimum 


80 


70 


60 


55 


mA 


'CC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|h«2.4V 


3 


3 


3 


3 


mA 


Average refresh 
. current 
003 (RAS only, or 

CBR) 


Vcc^s.sv, 

tc(rdW) = minimum, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


75 


65 


55 


50 


mA 


. Average page 
CC4 current 


V CC 88 5 - 5 v « *c(P) = minimum, 
RAS low, CAS cycling 


50 


45 


35 


30 


mA 


capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 


PARAMETER 


HL/JD/FQ 


HJ 


HK 


sv 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Cj(A) Input capacitance, address inputs 


6 


7 


8 


9 


PF 


c i(RC) Input capacitance, strobe inputs 


7 


7 


8 


8 


PF 


Cj(w) Input capacitance, write-enable input 


7 


7 


7 


7 


PF 


Cq Output capacitance 


7 


9 


10 


8 


PF 



NOTE 3: Capacitance is sampled only at initial design and after any major change. Samples are tested at 0 V and 25°C with a 1-MHz signal 
applied to the pin under test. All other pins are open. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 



PARAMETER 


ALT. 


'44C256-80 


'44C256-10 


'44C256-12 


•44C256-15 


UNIT 


SYMBOL 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


l a(C) 


Access time from CAS low 


tCAC 


20 


25 


30 


40 


ns 


ta(CA) 


Access time from column-address 


tAA 


40 


45 


55 


70 


ns 


ta(RL) 


Access time from RAS low 


tRAC 


80 


100 


120 


150 


ns 


l a(G) 


Access time from G low 


*GAC 


20 


25 


30 


40 


ns 


ta(CP) 


Access time from CAS high column 
precharge 


tCPA 


40 


50 


60 


75 


ns 


tdis(CH) 


Output disable time after CAS high 
(see Note 4) 


tOFF 


20 


25 


30 


35 


ns 


tdis(Q) 


Output disable time after G high 
(see Note 4) 


kaOFF 


20 


25 


30 


35 


ns 



NOTE 4: tdj s (CH) and t<jj S (G) are specified when the output is no longer driven. The outputs are disabled by bringing either G or CAS high. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) 



PARAMETER 


ALT. 
SYMBOL 


'44C256-80 


'44C256-10 


'44C256-12 


'44C256-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*c(rd) Cycle time, read (see Note 6) 


tRC 


150 


190 


220 


260 


ns 


tc(w) Cycle time, write 


twc 


150 


190 


220 


260 


ns 


Cycle time, read-write /read- 
MrdW) modify-write 


*RWC 


225 


270 


305 


355 


ns 


. Cycle time, page-mode read 
*c(P) or write (see Note 7) 


tpc 


50 


55 


65 


80 


ns 


Cycle time, page-mode read- 
H>(PM) modify-write 


tpRWC 


115 


135 


150 


175 


ns 


*w(CH) Pulse duration, CAS high 


tcp 


10 


10 


15 


25 


ns 


. Pulse duration, CAS low 
x w(CL) (see Note 8) 


*CAS 


20 10 000 


25 10 000 


30 10 000 


40 10000 


ns 


Pulse duration, RAS high 
w(RH) (precharge) 


tRP 


60 


80 


90 


100 


ns 


Pulse duration, 
*w(RL) nonpage mode RAS low 
(see Note 9) 


tRAS 


80 10 000 


100 10 000 


120 10 000 


150 10 000 


ns 


Pulse duration, 
tw(RL)P P a 9 e mode RAS low 
(see Note 9) 


tRASP 


80 100 000 


100 100 000 


120 100 000 


150 100 000 


ns 


tw(WL) Pulse duration, write low 


twp 


15 


15 


20 






Setup time, column address 
tsu(CA) before CAS low 


tASC 


5 


5 


5 


5 


ns 



NOTES: 5. Timing measurements in this table are referenced to V||_ max and V|h min. 

6. All cycle times assume tt = 5 ns. 

7. To assure typ) min, t su (CA) should be * t w (CH)- 

8. In a read- modif y-write cycle, t<j(CLWL) and t su (wCH) must be observed. Depending on the user's transition times, this can require 
additional CAS low time [t w (CL)]« 

9. In a read- modif y-write cycle, td(RLWL) and t su(WRH) must be observed. Depending on the user's transition times, this can require 
additional RAS low time [t w (RL)]. 
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timing requirements over recommended ranges of supply voltage and operating temperature 
(continued) (see Note 5) 



PARAMETER 


ALT. 
SYMBOL 


'44C256-80 


•44C256-10 


'44C256-12 


'44C256-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Setup time, row address 
tsu(RA) before RAS low 


*ASR 


0 


0 


0 


0 


ns 


Setup time, data before 
* u (°) W low (see Note 10) 


tDS 


0 


0 


0 


0 


ns 


*su(rd) Setup time, W high before CAS low 


tRCS 


0 


0 


0 


0 


ns 


Setup time, W low before CAS low 
l su(wcy (see Note 11) 


t\A/pQ 


o 


0 


0 


0 


ns 


t su (wcH) Setup time, W low before CAS high 


tCWL 


20 


25 


30 


40 


ns 


t S u(WRH) Setup time, W low before RAS high 


tRWL 


20 


25 


30 


40 


ns 


Hold time, column address after CAS 
th(CA) low (see Note 10) 


*CAH 


lt> 


on 


on 


OR 


ns 


Hold time, row address after RAS 
l h(RA) low 


tRAH 


15 


15 


15 


15 


ns 


Hold time, column address after RAS 
th(RLCA) low (see Note 12) 


*AR 


60 


70 


80 


100 


ns 


Hold time, data after CAS low 
tn ( D ) (see Note 10) 


*DH 


15 


20 


25 


30 


ns 


Hold time, data after RAS low 
th(RLD) (see Note 12) 


tDHR 


60 


70 


85 


110 


ns 


t n (WLGL) Hold time, G high after W low 


tGH 


20 


25 


30 


40 


ns 


Hold time, W high after CAS high 
n^nra; (see Note 14) 


tRCH 


0 


0 


0 


0 


ns 


Hold time, W high after RAS high 
th(RHrd) (see Note 14) 


tRRH 


10 


10 


10 


10 


ns 


Hold time, W low after CAS low 
th(CLW) (see Note 11) 


tWCH 


15 


20 


25 


30 


ns 


Hold time, W low after RAS low 
th(RLW) (see Note 12) 


tWCR 


65 


75 


90 


105 


ns 


td(RLCH) Delay time, RAS low to CAS high 


tCSH 


80 


100 


120 


150 


ns 


*d(CHRL) Delay time, CAS high to RAS low 


tCRP 


0 


0 


o 


0 


ns 


td(CLRH) Delay time, CAS low to RAS high 


tRSH 


20 


25 


30 


40 


ns 


. Delay time, CAS low to W low 
td(CLWL) ( S ee Note 15) 


tCWD 


60 


70 


80 


90 


ns 


Delay time, RAS low to CAS low 
td(RLCL) (see Note 13) 


tRCD 


30 60 


30 75 


30 90 


30 110 


ns 


Delay time, RAS low to column 
td(RLCA) a d dress ( S6 e Note 1 3) 


tRAD 


20 40 


20 55 


20 65 


25 80 


ns 



NOTES: 5. Timing measurements in t his ta ble are referenced to V|i_ max and V|h min. 

1 0. Referenced to the later of CAS or W in write operations. 

11. Early-write operation only 

12. The minimum value is measured when td(RLCL) is set t0 kJ(RLCL) min as a reference. 

13. Maximum value specified only to assure access time. 

1 4. Either th(RHrd) or th(CHrd) must be satisfied for a read cycle. 

15. Read-modify-write operation only 
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timing requirements over recommended ranges of supply voltage and operating temperature 
(continued) (see Note 5) 



PARAMETER 


ALT. 
SYMBOL 


'44C256-80 


•44C256-10 


'44C256-12 


'44C256-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Delay time, column address to 

*d(CARH) RAChinh 
v > nno nign 


tRAL 


40 


45 


55 


70 


ns 


. Delay time, column address to 
td(CACH) g^' high 


tCAL 


40 


45 


55 


70 


ns 


. Delay time, RAS low to W low 
td(RLWL) ( S ee Note 15) 


tRWD 


130 


150 


170 


200 


ns 


Delay time, column address to W 
*d(CAWL) low (see Note 15) 


tAWD 


80 


95 


105 


120 


ns 


. Delay time, G high before data at 
td(GHD) DQ 


tGDD 


20 


25 


30 


40 


ns 


ts4//"M ou\ HaIax/ tirrtA Inxwtn RAS hinh 


— 

KaSR 


20 


25 


30 


40 




Delay time, RAS low to CAS high 
*d(RLCH)R (see Note 16) 


*CHR 


20 


25 


25 


30 


ns 


Delay time, CAS low to RAS low 
td(CLRL)R (see Note 16) 


tCSR 


10 


10 


10 


15 


ns 


. Delay time, RAS high to CAS low 
td(RHCL)R (s©e Note 16) 


*RPC 


0 


0 


0 


0 


ns 


trf Refresh time interval 


tREF 


8 


8 


8 


8 


ms 


tt Transition time (see Note 17) 


tT 










ns 



NOTES: 5. Timing measurements in this table are referenced to V||_ max and V|h min. 

15. Read-modify-write operation only 

16. CBR refresh only 

17. System transition times (rise and fall) are to be a minimum of 3 ns and a maximum of 50 ns. 



PARAMETER MEASUREMENT INFORMATION 

1.31V 



5V 



Output Under Test 



R L = 218G 



C L = 80 pF 
(See Note A) 



Output Under Test 



C L = 80 pF 
(See Note A) 



Rj = 828 Q 



R2 = 295 Q 



(a) LOAD CIRCUIT 



(b) ALTERNATE LOAD CIRCUIT 



NOTE A: Cl includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 



•tc(Kl)- 



B AO ! i 



RAS 



- «w(RL) " 



K 



! ! 



-td(RLCL)- 



■ <d(CLRH) • 



- *d(RLCH) - 



ess 



I I 



td(RLCAj -j* 



- *w(CL) " 



*8U(RA) N 

• *h(RLCA) 



if 



- tgu(CA) 
tyCACH) - 



- *d(CARH) 



tw(RH) ■ 

td(CHRL) — 



■ tw(CH) • 



A0-A8 



DQ1-DQ4 




NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 



\ 
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PARAMETER MEASUREMENT INFORMATION 



DQ1-DQ4 




A0-A8 



Don't Care 

AAAAAAA, 



Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

tc(W) - 



RAS 



- *w(RL) ' 



CAS 



|«- k 

|* td(RLCL) • 



- *d(CLRH) " 



■ td(RLCH) • 



• *w(CL) • 



5 1 



, ' t8ii(CA)-K- 

t h (RA)-w y 



•*h(RLCA)- 



A0-A8 



Row 



I 

t*(CACH) ■ 



M K 



• *w(RH) ■ 
" td(CHRL) • 



- t w (CH) ■ 



• td(CARH) " 



Column 



*h(CA) 



vaaaaaJ" 

Don't Care 

i A A A A Ai 



4 




td(RLCA) " 



• *8u(WCH) ' 



w 




- *su(WRH) ' 



WWWV 
Don't Care 

iAAAAAAA 



WWW 
Don't Care 

iAAAAAAi 



I 



tsu(D)-4«-*l 



th(RLD) 



-tw(WL) 
th(D) 



- th(RLW) " 



DQ1-DQ4 



WV/WW 
Don't Care 

AAAAAAAi 




I 



Valid Data 



WWW 
Don't Care 

AAAAAAi 



td(GHD) ' 



-*T *h(WLGL) 



Don't Care 



V 



-H 




Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A8 




rwvwwv i 

X Don't Care <\i 

WvvvvvvS\ 



*h(WLGL) 

NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 5. Read-Write-/Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



W 



DQ1-DQ4 



■ *w(RL)P - 



tw(RH) 



■ td(RLCL) ' 



" td(RLCH) • 



[t4 »8U(RA) 



k-tw(CL)-N 





td(CLRH) *i ! 

td(CHRL) 



Row 



— H f*~~ *8U(CA) 
*h(RLCA) -f H 

*h(RA)-»j M 



«d(CACH) • 



1 



Column 



ft- th(CA) 

X: 
: 



* td(RLCA) ' 
— *8u(rd) - 



AAAAAA, 
Don't Care 

vv^vvv' 



- td(CARH) 



Column 




« 1 

VAAAAA/ 



Don't Care 

.AfVVVV\ 



W t fl (CA)- 

ta(R) 



th(RHrd) - 



Ht a( CA)-^ 
(see Note A) I 



■ th(QHrd) - 
W — 



ta(CP) 



-W- tdls(CH) 



See Note A 



ta(G)- 



- ^Valld Out ^- 



(see Note C) 
See Note A 



vwww 

Don't Care 

VVYVVV 



— H 

*dls(G) -ft- 



Valid Out 



J 



ta(G)- 



>[- «dls(G) 



/AAAAAAA I 
Don't Care Aj 

AA/\/\/\/\/\/\/\AX 



WWW 
Don't Care 

/vvvvv\ 



NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A write-cycle or read-modify-write cycle can be mixed with the read cycles as long as the write and read-modify-write timing 
specifications are not violated. 

C. Access time is t a (CP)- o r ta(CA)" de P© ndent - 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



tw(RH) " 



A0-A8 



DQ1-DQ4 




NOTES: A. A read cycle or a read-modify-wr'rte cycle can be intermixed with the write cycles as long as the read and read-modify-write timing 
specifications are no t violated. 
B. Referenced to CAS or W, whichever occurs last. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing (see Note A) 
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NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not 
violated. 

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing (see Note B) 



8-20 



^?Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44C256 

262144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 

SGMS034C - MAY 1989 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



H *c(ixi) H 




Figure 9. RAS-Only Refresh Timing 
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RAS 



CAS 



PARAMETER MEASUREMENT INFORMATION 
• Refresh Cycle 
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Figure 10. Hidden-Refresh-Cycle (Enhanced Page Mode) Timing 



8-22 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44C256 

262144-WORD BY 4-BIT DYNAMIC RANDOM-ACCESS MEMORY 



SGMS034C - MAY 1989 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



- t w (RH) 



RAS 



A H 



td(RHCL)R 



I 



*d(CLRL)R | \< 



CAS 



! 



•tc(rd)- 



- *w(RL) ■ 



- *d(RLCH)R - 



i 



y 



vwvwv 

Don't Care 

AAAAAAA 



A0-A8 



DQ1-DQ4 



. Hl-Z . 



wwwy 

Don't Care 

AAAAAAA 



vwwvy 

Don't Care 

AAAAAAA, 



W 



Figure 11. Automatic CBR Refresh-Cycle Timing 
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Organization ... 1 048576 x 1 
Processed to MIL-STD-883, Class B 
Single 5-V Supply (10% Tolerance) 
Performance Ranges: 





ACCESS ACCESS ACCESS 


READ 




TIME 


TIME 


TIME 


OR 




ta(R) 


ta(C) 


ta(CA) 


WRITE 




(tRAC) 


(tCAC) 


(tAA) 


CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


*4C1 024-80 


80 ns 


20 ns 


40 ns 


150 ns 


'4C1 024-10 


100 ns 


25 ns 


45 ns 


190 ns 


'4C1024-12 


120 ns 


30 ns 


55 ns 


220 ns 


'4C1024-15 


150 ns 


40 ns 


70 ns 


260 ns 



Enhanced Page Mode Operation for Faster 
Memory Access 

- Higher Data Bandwidth Than 
Conventional Page Mode Parts 

- Random Single-Bit Access Within a Row 
With a Column Address 

One of Tl's CMOS Megabit DRAM Family 
Including SM J44C256 — 256K x 4 
Enhanced Page Mode 
CAS-Before-RAS (CBR) Refresh 

Long Refresh Period 

512-Cycle Refresh in 8 ms (Max) 
3-State Unlatched Output 
Low-Power Dissipation 
Texas Instruments EPIC™ Process 
All Inputs/Outputs and Clocks Are 
TTL-Compatible 
Packaging Offered: 

- 20/26-Lead Ceramic Surface Mount 
Package (HJ Suffix) 

- 18-Pin 300-Mil Ceramic DIP (JD Suffix) 

- 20-Pin Ceramic Flat Pack (HK Suffix) 

- 20/26-Terminal Leadless Ceramic 
Surface Mount Package (FQ/HL Suffixes) 

- 20-Pin Ceramic Zig-Zag In-Line Package 
(SV Suffix) 

Operating Temperature Range 
-55°Cto125°C 
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(TOP VIEW) 
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FQ/HL PACKAGES 
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SV PACKAGE 
(TOP VIEW) 
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EPIC is a trademark of Texas Instruments 



hTcorgon 



ated. 



PIN NOMENCLATURE 



A0-A9 


Address Inputs 


CAS 


Column Address Strobe 


D 


Data In 


NC 


No Internal Connection 


Q 


Data Out 


RAS 


Row Address Strobe 


TF 


Test Function 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 



PRODUCTION DATA Information Is currant as of publication data. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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description 

The SM J4C1 024 is a high-speed, 1 048 576-bit dynamic random-access memory (RAM) organized as 1 048 576 
words of one bit each. It employs enhanced performance implanted CMOS (EPIC™) technology for high 
performance, reliability, and low power at a low cost. 

This device features maximum RAS access times of 80 ns, 100 ns, 120 ns, and 150 ns. Maximum power 
dissipation is as low as 305 mW operating and 1 6.5 mW standby on 1 50 ns devices. 

The EPIC™ technology permits operation from a single 5-V supply, reducing system power supply and 
decoupling requirements, and easing board layout. Iqd peaks are 140 mA typical, and a -1 V input voltage 
undershoot can be tolerated, minimizing system noise considerations. 

All inputs and outputs, including clocks, are compatible with Series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 

The SMJ4C1024 is offered in an 18-pin ceramic dual-in-line package (JD suffix), a 20/26-terminal ceramic 
leadless carrier package (FQ/HL suffixes), a 20/26-pin leaded carrier package (HJ suffix), a 20-pin flatpack 
(HK suffix) , and a 20-pin ceramic zig-zag in-line package (SV suffix) . They are characterized for operation from 
-55 0 Cto125°C. 

operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row address setup and hold and address mult iplexi ng is eliminated. 
The m aximum number of columns that can be acce ssed is determined by the maximum RAS low time and the 
CAS page cycle time used. With minimum CAS page cycle time, all 1024 columns specified by column 
addresses AO through A9 can be accessed without intervening RAS cycles. 

Unlike conve ntional page-mode DRAMs, the column-address buffers in t his de vice are activated on the f alling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature lets the SMJ4C1024 operate at a higher data bandwidth than 
conve ntion al page-mode parts, since data retrieval begins as soon as the column address is valid rather than 
when CAS goes low. This performance improvement is referred to as enhanced page mode. A valid column 
address can be presented i mmed iately after the row address hold time has been satisfied, usually w ell in 
advance of the falling edge of CAS. In this case, data is obtained after t a (qj maximum (access time from CAS 
low) , if t a (CA) maximum (access time from colum n address) has been satisfied. If the column addresses for the 
next page cycle are valid at the same time CAS goes high, access t ime f or the next cycle is determined by the 
later occurrence of t a (c) or t a (cp) (access time from rising edge of CAS). 

address (A0-A9) 

Twenty address bits are required to decode 1 of 1 0485 76 sto rage cell locations. Ten row-address bits are set 
up on inputs AO through A9 and latched ont o the c hip by RAS. The ten column-address bits are set up on pins 
A O thro ugh A9and latch ed onto the chip by CAS. All addresses must be stable on or before the falling edges 
of RAS a nd CA S. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select to activate the output buffer as well as latch the address bits into the 
column-address buffer. 

write enable (W) 

The read or write mode is selected through W. A logic high on the W input selects the read mode, and a logic 
low selects the write mode. The write-enable terminal can be driven from standard TTL circui ts wit hout a pullup 
resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS (early write), 
data out remains in the high-impedance state for the entire cycle, permitting common I/O operation. 
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data in (D) 

D ata-in is written during a write or read-modify-write cycle. Depending onthe mode of operation, t he fall ing edge 
of CAS or W strobes da ta into the on-chip latch. In an early write cycle, W is brought low prior to CAS, and the 
data is strobed in by CAS w ith setup and hold times referenced to this signal. In a delayed-write or 
read-modify-write cycle, CAS is already low, and the data is strobed in by W with setup and hold times 
referenced to this signal. 

data out (Q) 

The 3-state output buffers provide direct TTL compatibility (no pullup resistor required) with a fanout of two 
Seri es 54 TTL loads. Data out is the same polarity as data in. The output is in the high impedance (floating) state 
until CAS is brought low. In a read cycle the output becomes valid after the access time t a (Q. t a (C) begins with 
the negative transition of CAS as long as t a (pj a ndt a ( CA) satisfie d. The output becomes valid after the access 
time has elapsed and remains valid while CAS is low; when CAS goes high, the output returns to a 
high-impedance state. In a delayed-write or read-modify-write cycle, the output follows the sequence for the 
read cycle. 

refresh 

A refresh operation must be performed at least once every 8 ms to retain data. This can be achieved b y stro bing 
each of the 512 rows (A0-A8). A norm al read or write cycle refreshes all bits in each selected row. A RAS-only 
operation can be used by holding CAS at the high (inactive) level, conserving power as the output buffer remains 
in the high-impedance state. Externally generated addresses must be used for a RAS-only refresh. Hi dden 
refresh can be performed while maintai ning v alid data at the output pin. This is accomplishe d by h olding CAS 
at V||_ after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only refresh 
cycle. 

CAS-before-RAS (CBR) refresh 

CBR refresh is used by bringing CAS low earlier than RAS (see para meter td(CLRL)R) and holding it lo w after 
RAS falls (parameter td(RLCH)R)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. 
The external address is ignored and the refresh address is generated internally. The external address is also 
ignored during the hidden refresh cycles. 

power up 

To achieve proper device operation, an initial pause of 200 t*s followed by a minimum of eight initialization cycles 
is required after full Vqc ,evel is achieved. 

test function pin 

During normal device operation TF must be disconnected or biased at a voltage less than or equal to Vqc- 
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logic symbol"!" 



AO- 
A1 - 
A2" 
A3- 
A4- 
A5" 
A6- 
A7- 
A8- 
A9- 



CAS 



w- 



10 



11 



12 



13 



14 



15 



RAS- 



16 



RAM1024Kx1 
20D10/21D0 



> A 



20D19/21D9 



1 048 575 



> C20 [ROW] 

Q23 [REFRESH ROW] 
24 [PWR DWN] 

> C21 [COL] 
G24 



& 



> 23C22 



24EN 



A, 22D 



AV 



17 



t This symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the 18-pin JO package. 
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functional block diagram 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Voltage range on any pin (see Note 1) - 1 V to 7 V 

Voltage range on Vqc ••• -1Vto7V 

Short-circuit output current, Iqs 50 mA 

Power dissipation 1 W 

Operating temperature range, - 55°C to 1 25°C 

Storage temperature range, T s t g - 65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Minimum operating free-air temperature 


-55 


°C 


Tq Maximum operating case temperature 


125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST 
CONDITIONS 


'4C1 024-80 


'4C1 024-10 


'4C1024-12 


'4C1024-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


High-level 
un output voltage 


lOH = ~ 5 mA 




2.4 


2.4 


2.4 


V 


v Low-level 

output voltage 


IOL = 4.2 mA 


0.4 


0.4 


0.4 


0.4 


V 


. Input current 
' (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All other pins ■ 0 V to Vcc 


±10 


±10 


±10 


±10 


HA 


Output 
lO current 
(leakage) 


Vqc « 5.5 V, Vo * 0 V to Vqc. 
CAS high 


±10 


±10 


±10 


±10 


V* 


Read- or 
'CC1 wrlte-cycle 
current 


V CC ■ 5 5 v » Minimum cycle 


75 


70 


60 


55 


mA 


. Standby 
002 current 


After 1 memory cycle, 
RAS and CAS high, 
V|h=2.4V 


3 


3 


3 


3 


mA 


Average 
refresh 
ICC3 current 

(RASonlyor 
CBR) 


Vqc ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


70 


65 


55 


50 


mA 


. Average page 
'CC4 current 


V CC " 5-5 V, tpc ■ minimum, 
RAS low, CAS cycling 


50 


45 


35 


30 


mA 


capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 


PARAMETER 


HL/JD/FQ 


HJ 


HK 


sv 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


c i(A) Input capacitance, address inputs 


6 


7 


8 


9 


PF 


Cj(Q) Input capacitance, data input 


5 


5 


6 


7 


PF 


c i(RC) Input capacitance, strobe inputs 


7 


7 


8 


8 


PF 


Cj(w) Input capacitance, write-enable input 


7 


7 


7 


7 


PF 


C 0 Output capacitance 


7 


9 


10 


8 


PF 



NOTE 3: Capacitance is sampled only at initial design and after any major change. Samples are tested at 0 V and 25°C with a 1 MHz signal applied 
to the pin under test. All other pins are open. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 1) 



PARAMETER 


ALT. 


•4C1 024-80 


•4C1 024-10 


'4C1024-12 


'401024-15 


UNIT 


SYMBOL 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Wc) 


Access time from CAS low 


tCAC 


20 


25 


30 


40 


ns 


t(CA) 


Access time from column address 


tAA 


40 


45 


55 


70 


ns 


t(R) 


Access time from RAS low 


tRAC 


80 


100 


120 


150 


ns 


ta(CP) 


Access time from column precharge 


tCPA 


40 


40 


60 


75 


ns 


tdis(CH) 


Output disable time after CAS high 
(see Note 4) 


tOFF 


20 


25 


30 


35 


ns 



NOTE 4: t<jj S (CH) is specified when the output is no longer driven. The output is disabled by bringing CAS high. 



^ TEXAS 

Instruments 

8-30 POST OFFICE BOX 1443* HOUSTON, TEXAS 77251-1443 



SMJ4C1024 

1 048576-BIT DYNAMIC RANDOM-ACCESS MEMORY 



SGMS023D - DECEMBER 1988 - REVISED JUNE 1995 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) 



PARAMETER 


ALT. 
SYMBOL 


»4C1 024-80 


'4C1 024-10 


'4C1024-12 


•4C1024-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Cycle time, read 
^(rt) (see Note 6) 


*RC 


1 KA 
1 OU 


1 on 
i yu 


C.CX) 




ns 


*c(W) Cycle time, write 


twc 


150 


190 


220 


260 


ns 


Cycle time, 
tc(rdW) read-write/read-modify-write 


tRWC 


175 


220 


265 


315 


ns 


Cycle time, page-mode read 
^ or write (see Note 7) 


tpc 


50 


55 


65 


80 


ns 


Cycle time, page-mode 
*c(PM) read-modify-write 


tPRWC 


75 


85 


110 


135 


ns 


^w(CH) Pulse duration, CAS high 




10 


10 


15 


25 


ns 


Pulse duration, CAS low 
MCL) (see Note 8) 


*CAS 


20 10000 


25 10000 


30 10000 


40 10000 


ns 


Pulse duration RAS hinh 

. i ui ww viui diiv/i 1 1 nr\w iiiyjii 

T w(RH) (precharge) 


tRP 


60 


80 


90 


100 


ns 


Pulse duration, nonpage 
l w(RL) mode, RAS low 
(see Note 9) 


tRAS 


80 10000 


100 10000 


120 10000 


150 10000 


ns 


Pulse duration, page mode, 
%(RL)P ras , ow ( see Note 9 ) 


tRASP 


80 100000 


100 100000 


120 100000 


150 100000 


ns 


*w(WL) Pulse duration, write 


twp 


15 


15 


20 


25 


ns 


Setup time, column address 
tsu(CA) before CAS iow 


tASC 


0 


3 


3 


3 


ns 


Setup time, row address 
tsu(RA) before RAS low 


tASR 


0 


0 


0 


0 


ns 


Setup time, data 
l su(D) (see Note 10) 


tDS 


0 


0 


0 


0 


ns 


Setup time, read before CAS 
tsu(rd) , ow 


*RCS 


0 


0 


0 


0 


ns 


Setup time, W low before 
tsu(WCL) CAS | 0W (see Note ^ 


*wcs 


0 


0 


0 


0 


ns 


Setup time, W low before 
tsu(WCH) cAS high 


*CWL 


20 


25 


30 


40 


ns 


Setup time, W low before 
tsu(WRH) RA§ high 


tRWL 


20 


25 


30 


40 


ns 


Hold time, column address 
l h(CA) after CAS low 


tCAH 


15 


20 


20 


25 


ns 


Hold time, row address after 
l h(RA) RAS low 


tRAH 


12 


15 


15 


20 


ns 



NOTES: 5. Timing measurements in this table are referenced to V||_ max and V|h min. 

6. All cycle times assume tt = 5 ns. 

7. To assure typ) min, t su (CA) should be 2 t w (CH)- 

8. In a read-modify-write cycle, tycLWL) and *su(WCH) must be observed. 

9. In a read-modify-write cycle, td(Ri_WL) ana " l su(WRH) must De observed. 

1 0. Referenced to the later of CAS or W in write operations 

11. Early write operation only 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Note 5) (continued) 



PARAMETER 


ALT. 
SYMBOL 


'4C1 024-80 


'4C 1024-10 


'4C1024-12 


•4C1024-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Hold time, column address after 
Mi(RCLA) RAS low (see Note 12) 


tAR 


60 


70 


80 


100 


ns 


th(D) Hold time, data (see Note 10) 


tQH 


15 


20 


25 


30 


ns 


Hold time, data after RAS low 
th(RLD) (see Note 12) 


tDHR 


60 


70 


85 


110 


ns 


Hold time, read after CAS high 
^h(CHrd) (see Note 15) 


*RCH 


0 


o 


o 


o 


ns 


Hold time, read after RAS high 
th(RHrd) (see Note 15) 


tRRH 


10 


10 


10 


10 


ns 


Hold time, write after CAS low 
th(CLW) (see Note 11) 


*WCH 


15 


20 


25 


30 


ns 


Hold time, write after RAS low 
th(RLW) (see Note 12) 


tWCR 


60 


70 


85 


100 


ns 


td(RLCH) De,a Y *' me » RAS low to CAS high 


tCSH 


80 


100 


120 


150 


ns 


td(CHRL) Delay time, CAS high to RAS low 


tCRP 


0 


0 


0 


0 


ns 


*d(CLRH) Delav timQ . CAS low to RAS high 


tRSH 


20 


25 


30 


40 


ns 


. Delay time, CAS low to W low 
td(CLWL) (see Note 13) 


tCWD 


20 


25 


40 


50 


ns 


Delay time, RAS low to CAS low 
kJ(RLCL) (see Note 14) 


tRCD 


22 60 


28 75 


28 90 


33 110 


ns 


Delay time, RAS low to column 
td(RLCA) address (see Note 1 4) 


tRAD 


17 40 


20 55 


20 65 


25 80 


ns 


Delay time, column address to RAS 
*d(CARH) high ' 


tRAL 


40 


45 


55 


70 


ns 


. Delay time, column address to CAS 
•d(CACH) high y 


tCAL 


40 


45 


55 


70 


ns 


. Delay time, RAS low to W low 
tyRLWL) (see Note 13) 


tRWD 


80 


100 


130 


160 


ns 


Delay time, column address to W 
' ' low (see Note 13) 


^AWD 


40 


45 


65 


80 


ns 


Delay time, RAS low to CAS high 
td(RLCH)R (see Note 16) 


tCHR 


20 


25 


25 


30 


ns 


Delay time, CAS low to RAS low 
td(CLRL)R (see Note 16) 


tCSR 


10 


10 


10 


15 


ns 


Delay time, RAS high to CAS low 
l d(RHCL)R (see Note 16) 


tRPC 


0 


0 


0 


0 


ns 


trf Refresh time interval 


tREF 


8 


8 


8 


8 


ms 


tt Transition time (see Note 17) 












ns 



NOTES: 5. Timing measurements in t his ta ble are referenced to V|l max and V|h min, 

10. Referenced to the later of CAS or W in write operations. 

11. Early-write operation only 

1 2. The minimum value is measured when td(Ri_CL) is set *d(RLCL) min as a reference. 

13. Read-modify-write operation only 

14. Maximum value specified only to assure access time. 

1 5. Either th(RHrd) or t n (CHrd) must be satisfied for a read cycle. 

16. CBR refresh only __ 

17. Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and a maximum of 50 ns. 
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PARAMETER MEASUREMENT INFORMATION 



1.31V 



Output Under Test 




$J ioh/'ol 



Output Under Test 



C L = 80 pF 
(see Note A) 



RL = 218Q 

C L = 80pF 
(see Note A) 



(a) LOAD CIRCUIT 
NOTE A: C\_ includes probe and fixture capacitance. 

Figure 1. Load Circuits for Timing Parameters 



(b) ALTERNATE LOAD CIRCUIT 
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PARAMETER MEASUREMENT INFORMATION 




M ta(R) — -»| 



NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




A0-A9 



. Hl-Z . 



Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A9 



W 




Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

*c(rdW) 



RAS V 



• t W (RL) ■ 



CAS 



td(RLCA)- 
f h(RA) 



if 



- td(RLCL) - 



■ tw(CL) " 



W-4 



- *w(RH) 
" *d(CHRL) ~ 



I 



if 



-n-H 

«su(RA) 



Li 



*su(CA) 



■ tw(CH) " 



" th(RLCA) " 



A0-A9 



Row 



Column 



*su(rd) 



W 



■ td(CAWL) • 



T 



I 



I 



, |«*-td(CLWL)-*l | 

' l J r 

k U 



■ *su(WCH) — + 
-| — *su(WRH) " 



*w(WL)- 



Don't Care 



I 



NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 5. Read-Write-/Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A9 



W 



* t w (RL)P ' 



• td(RLCL) " 



- td(RLCH) - 



tw(CL) -J* »j 




-tc(P) 



- td(CHRLjj 



I 



■ td(CLRH) - 



I 



th(RLCA) — I 



tsu(RA) 
K" *h(RA) • 



k ij- tsu(CA) | 

II 



I 

th(CA) 

k— 



- *d(CACH) 



Row 



td(RLCA)->| 



■ tsufrd) 




" t<j(CARH) " 



Column 




Column 



See Note C 
— ta(CA) — 



I 

-M I 

Don't Care 

AAAAAAAi 



*h(RHrd) 1* 

th(CHrd) " 

M 



ta(C) 



ta(CP) - 



■ t a (CA) ■ 



(see Note C) 



-ta(R)- 



I 

tdls(CH); 



Valid 
Out 



> 



Valid 
Out 



> 



See Note A See Note A 

NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A write cycle or a read-modify cycle can be mixed with the read cycles as long as the write and read-modify-write timing specifications 
are not violated. 

C. Access time is t a (CP) or t a (CA) dependent. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A9 



W 



*w(RL)P ' 



tw(RH) 



" *d(RLCH) • 



■ td(RLCL) ' 



tw(CL) H* M 



tc(P)- 
-M- *w(CH) 



' td(CLRH) 
td(CHRL) 




I 



*h(RA) 
tsu(RA) 



th(RLC/y ' 



tsu(CA) 



I i 



"►J- *h(CA) 



I 

- td(CACH) — *j 
*d(CARH) " 



X 



Row 



X 



Column 



Column 



www 

Don't Care 

ft A A A A A 



*su(WCH) ■ 



I 



th(RLW)-| 1 -W 



*w(WL) 



YYYYVYV 

] Don't Care 

A A A A A A A 



j j 



• *SU(WRH) ' 



WWW 
Don't Care 

A A A A A A 



WWW 
Don't Care 

A A A A A A 



I I 



tsu(D) - 

(see Note B) 
* MP) — 



" *h(RLD) ■ 



(see Note B) I 
■t h (D) M 



Valid Data In 




Valid 
In 



WWW 
Don't Care 

A A A A A A 



q — 1 , , HI-Z- 



NOTES: A. A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing 
specifications are no t violated. 
B. Referenced to CAS or W, whichever occurs last. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




' td(RLCA) 
th(RA) ] 



tsu(RA) 



A0-A9 




I 

w — 4~ th ( cA ) 



Row 

I 



Column 



Column 




II 
II 
II 

Don't Care 



w 




f*- td(CAWL) 
" td(RLWL) 



I 

*w(WL) 



tgu(WCH) H*- 



J II 



■ *8U(WRH) ■ 



I 




I 1 

I I W W-th(D) 




V /A Don't Care W 



I 



\/\/\/\/\/\/ 

Don't Care 

* * * * * 



Valid 




Valid 



I A AAA A/ 
Don't Care 



(<-ta(C)-W 
-t a (CA) -->! 



ta(R)- 



' tdis(CH) ' 



" ta(CP) " 



See Note A 



See Note A 



Valid 
Out 



NOTES: A. Output can go the from high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are 
not violated. 



Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

H tyrd) W 




Q — — Hl-Z 

Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
M Refresh Cycle - 



• Memory Cycle ^| 




Refresh Cycle 



■ *w(RL) 



RAS 




CAS 



" t w (CL) ■ 



td(RLCH)R- 



I 



-W th(CA) 



th(RA) " 
tsu(RA) -#| 
A0-A9 



! J ,J i 



tsu(CA) 

rri i i 

I i i 



i i i 




Row 



Col 



WWW 
Don't Care 

AAAAAA, 



tsu(rd) 



th(RHrd) 



Don't Care 

AAAAAAA, 




W 



i i ! 



i i 




wwwv 

Don't Care 

AAAAAAAi 





N-t a(C ) 
ta(CA) 



Valid Data 



tdls(CH) 



> 



Figure 10. Hidden-Refresh-Cycle Timing 
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RAS 



CAS 



PARAMETER MEASUREMENT INFORMATION 

tc (rd) 

" t W (RH) ►) ,^ 

' i 14 *w(RL) ■ 



/ H / 



*d(CHRL)R —H ►{ j 

|* — H — *d(RHCL)R f* 



" *d(RLCH)R " 



ao-a9 <yyyyyyyyyyyyyyyyyyyyyyyx com care 

/\/\/\/\/\/\/Y 



vww 

Don't Care 



• Hl-Z - 



Figure 11. Automatic-CBR-Refresh-Cycle Timing 
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• Processed to MIL-STD-883, Class B 

• Organization . . . 4194304 x 1 

• Single 5-V Power Supply (±10% Tolerance) 

• Performance Ranges: 





ACCESS ACCESS ACCESS 


READ 




TIME 


TIME 


TIME 


OR WRITE 




(tRAC) 


(tCAC) 


(tAA) 


CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


SMJ441 00-80 


80 ns 


20 ns 


40 ns 


150 ns 


SMJ441 00-10 


100 ns 


25 ns 


50 ns 


180 ns 


SMJ44100-12 


120 ns 


30 ns 


55 ns 


210 ns 



JD 
W 
RAS 
A10 
AO 
A1 
A2 
A3 
V C C 



JD/JDB PACKAGES 
fJOP VIEW) 

C 

c 



HR PACKAGE 
(TOP VIEW) 



20 □ V SS 



Enhanced Page Mode Operation for Faster 
Memory Access 

- Higher Data Bandwidth Than 
Conventional Page-Mode Parts 

- Random Single-Bit Access Within a Row 
With a Column Address 




HL PACKAGE 
(TOP VIEW) 



AO 
A1 
A2 
A3 
V C C 



]1 


26[ 


]2 


25[ 


]3 


24[ 


]4 


23[ 


]5 


22[ 


]9 


iaC 


]10 


17[ 


]11 


16[ 


]12 


15[ 


□ 13 


14[ 



A9 

A8 
A7 
A6 
A5 
A4 



-Before-RAS (CBR) Refresh 

• Long Refresh Period 

1 024-Cycle Refresh in 1 6 ms (Max) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Texas Instruments EPIC™ CMOS Process 

• All Inputs/Outputs and Clocks are TTL 
Compatible 

• Packaging Options: 

- 18-Pin, 400 mil Ceramic DIP (JD Suffix) 

- 18-Pin, 300 mil Ceramic DIP (JDB Suffix) 

- 20-Pin, Ceramic Flatpack (HR Suffix) 

- 20-Pad, 350 x 675 Ceramic Chip Carrier 
(HL Suffix) 

- Additional Package Options Planned 

• Military Temperature Range 

-55°Cto125°C 

description 

The SMJ441 00 is a series of high-speed 4 1 94304-bit dynamic random-access memories (DRAMs), organized 
as 4194304 words of one bit each. They employ state-of-the-art enhanced performance implanted CMOS 
EPIC™ technology for high performance, reliability, and low power operation. 

The SMJ441 00 features maximum row access time of 80 ns, 1 00 ns, and 1 20 ns. Maximum power dissipation 
is as low as 385 mW operating and 22 mW standby. 

All inputs and outputs, including clocks, are compatible with Series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data-out lines are unlatched to allow greater system flexibility. 



PIN NOMENCLATURE 


A0-A10 


Address Inputs 


CAS 


Column-Address Strobe 


D 


Data In 


NC 


No Internal Connection 


Q 


Data Out 


RAS 


Row-Address Strobe 


W 


Write Enable 


vcc 


5-V Supply 


vss 


Ground 



EPIC is a trademark of Texas Instruments IncorDorated 



production data Information it current m of publication date. m . Copyright © 1995, Texas Instruments Incorporated 
" Texas li 



Products conform to specifications per the terms of fsxss Instruments 
standard warranty. Production processing doss not nscssssrily include 
testing of sll parameters. 
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description (continued) 

The SMJ44100 is offered in a 300-mil 18-pin ceramic dual-in-line package (JDB suffix), an 18-pin ceramic 
dual-in-line package (JD suffix), a 20-pin ceramic flatpack (HR suffix), and a 20-pad 350 x 675 ceramic chip 
carrier package (HL suffix). All packages are guaranteed for operation from - 55°C to 125°C. 

operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multip lex is eliminated . The 
maximum number of columns that ca n be a ccessed is determined by the maximum RAS low time and the CAS 
page cycle time used. With minimum CAS page cyc le tim e, all 1024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

Unlike conve ntional page-mode DRAMS, the column-address buffers in t his de vice are activated on the f alling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature allows the SMJ44100 to operate at a higher data bandwidth than 
conv entional page-mode parts, since data retrieval begins as soon as column address is valid rather than when 
CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column address 
can be present ed im mediately after row address hold time has been satisfied, usually well i n adv ance of the 
falling edge of CAS. In this case, data is obtained after tQAC maximum (access time from CAS low), if 
maximum (access time from col umn a ddress) has been satisfied. In the event that column addresses for the 
next cycle are valid at the time CAS goes high, access ti me for the next cycle is determined by the later 
occurrence of tcAC or *CPA (access time from rising edge of CAS). 

address (A0-A10) 

Twenty-two address bits are required to decode 1 of 4194304 stor age c ell locations. Eleven row-address bits 
are set up on inputs AO through A1 0 and latched onto the c hip by RAS. The eleven column-address bits are 
set up on pins AO t hroug h A1 0 and latch ed onto the chip by CAS. All addresses must be stable on or before 
the falling edges of RA S and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers as 
well as the row decoder. CAS is used as a chip select, activating the output buffer as well as latching the address 
bits into the column-address buffer. 

write enable (W) 

The read or write mode is selected through W. A logic high on the W input selects the read mode and a logic 
low selects the write mode. The write-enable terminal can be driven from standard TTL circui ts wit hout a pullup 
resistor. The data input is disabled when the read mode Is selected. When W goes low prior to CAS (early write), 
data out remains in the high-impedance state for the entire cycle permitting common I/O operation. 

data in (D) 

Data is written during a write or read-write cycle. Depending on the mode of operation, the f alling edge of CAS 
or W strobes d ata int o the on-chip data latch. In an early-write cycle, W is brought low prior to CAS and the data 
is strobed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-write cycle, 
CAS is already low, the data is strobed in by W with setup and hold times referenced to this signal. 
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data out (Q) 

The high-impedance state output buffer provides direct TTL compatibility (no puliup resistor required) with a 
fanout of two Series 54 T TL loads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS is brought low. In a re ad cy cle the output becomes valid after the access time interval 
tcAC that begins with the negative transition of CAS as long as tpA C and t^A are satis fied. The output becomes 
valid after the access time has elapsed and remains valid while CAS is low; CAS going high returns it to a 
high-impedance state. In a delayed-write or read-write cycle, the output follows the sequence for the read cycle. 

refresh 

A refresh operation must be performed at least once every 1 6 ms to retain data. This can be achieved by strobing 
each of the1024 rows (A0-A9, A10 is ignored). A normal rea d or w rite cycle refreshes all bits in each ro w that 
is selected as well as the corresponding row relative to A1 0. A RAS-only operation can be used by holding CAS 
at the high (inactive) level, conserving power as the o utput buffer remains in the high-impedance state. 
Externally generated addresses must be used for a RAS-only refresh. H idden refresh can be performed while 
maintai ning v alid data at the output pin. This is accomplished by h olding CAS at Vil after a read operation and 
cycling RAS after a specified precharge period, similar to a RAS-only refresh cycle. The external address is 
ignored during the hidden refresh cycles. 

CAS-before-RAS(CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter tcsR) and holding it low after RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. 

power-up 

To achieve proper device operation, an initial pause of 200 |is followed by a minimum of eight initialization cycles 
i s req uired after full Vqc level is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only or CBR) cycle. 

test mode 

An industry standard design for test (DFT) mode is incorporated in the SMJ44100. A CBR cycle with W low 
(WCBR) cycle is used to enter test mode. In the test mode, data is written into and read from eight sections of 
the array in parallel. Data is compared upon reading and if all bits are equal, the data-out pin goes high. If any 
one bit is different, the data-out pin goes low. Any combination read, write, read-write, or page-mode can be 
used in test mode. The test mode function reduces test times by enabling the 4M DRAM to be tested as if it w ere 
a 51 2K DRAM, where row address 1 0, column address 10, and also column address 0 are not used. A RAS-only 
or CBR refresh cycle is used to exit the DFT mode. 
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logic symbol t 



AO- 
A1 - 
A2- 
A3" 
A4" 
A5" 
A6- 
A7- 
A8- 
A9- 
A10- 

RAS ~ 
CAS 



10 



11 



12 



14 



15 



16 



17 



18 



22 



24 



w-f- 



RAM4096KX1 
30D11/31D0 



r> A 



30D21/31D10, 



4 194 304 



- r ^> C30(ROW) 

G33/[REFRESH ROW] 
34[PWRDWN] 

C31[COL] 
G34 



> 33C32 



34EN 



A,32D 



AV 



25 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
The pin numbers shown are for the HM package. 



8-48 



^ TEXAS 

Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44100 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORY 

SGMS04OD - JANUARY 1991 - REVISED JUNE 1995 



functional block diagram 
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Row 
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10 
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128K Array 




128K Array 


128K Array 
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128K Array 
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• 
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e 
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• 
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128K Array 




128K Array 
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1 of 16 
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Data 

In 
Reg. 
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absolute maximum ratings over operating free-air temperature (unless otherwise noted) t 

Voltage range on any pin (see Note 1) -1Vto7V 

Voltage range on Vqc • ...... 1 V to 7 V 

Short-circuit output current . . . 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, Ta . . . - 55°C to 1 25°C 

Storage temperature range, T s t g - 65°C to 1 50°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$$. 

recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vih High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


- 1 0.8 


V 


Ta Minimum operating temperature 


-55 


OQ 


Tq Maximum operating case temperature 


125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



"\ n a n a iirTPn 

PARAMETER 


TEST CONDITIONS 


'44100-80 


'44100-10 


'44100-12 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Vqh High-level output voltage 


Iqh 85 - 5 mA 


2.4 


2.4 


2.4 


V 


Vol Lx)w-level output voltage 


'OL ■ mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc = 5.5V, V| = 0Vto6.5V, 
All other pins = 0 V to Vqc 


±10 


±10 


±10 


uA 


lo Output current (leakage) 


V C C - 5.5 V, V 0 = 0 V to V C C. 
CAS high 


± 10 


± 10 


± 10 


uA 


, Read- or write-cycle current 
001 (see Note 3) 


Vqq = 5.5 V, Minimum cycle 


85 


80 


70 


mA 


'CC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


4 


4 


4 


mA 


Average refresh current 
ICC3 (RAS only, or CBR) 
(see Note 3) 


Vcc ■ 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


85 


75 


65 


mA 


Average page current 
'CC4 (see Note 4) 


Vqc ■ 5.5 V, tpc * minimum, 
RAS low, CAS cycling 


50 


40 


35 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V|i_ 
4. Measured with a maximum of one address change while CAS = V|h 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, address inputs 


7 


PF 


Cj(D) Input capacitance, data inputs 


7 


PF 


c i(RC) Input capacitance, strobe inputs 


10 


PF 


Cj(w) Input capacitance, write-enable input 


10 


PF 


C 0 Output capacitance 


10 


PF 


NOTE 5: Vqq = 5 V ± 0.5 V and the bias on pins under test is 0 V. Capacitance is sampled only at initial design and after any major change. 

switching characteristics over recommended ranges of supply voltage range and operating 
free-air temperature 


PARAMETER 


'44100-80 


'44100-10 


'44100-12 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


40 


50 


55 


ns 


*CAC Access time from CAS low 


20 


25 


30 


ns 


*CPA Access time from column precharge 


45 


50 


55 


ns 


tRAC Access time from RAS low 


80 


100 


120 


ns 


tQFF Output disable time after CAS high (see Note 6) 


20 


25 


30 


ns 



NOTE 6: tQFF is specified when the output is no longer driven. The output is disabled when CAS is brought high. 
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timing requirements over recommended ranges of supply 
temperature 



voltage and operating free-air 





'44100-80 


'44100-10 


'44100-12 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random read or write (see Note 7) 


150 


180 


210 


ns 


*RWC Cycle time, read-write 


175 


210 


245 


ns 


tpc Cycle time, page-mode read or write (see Note 8) 


50 


60 


65 


ns 


tpRwc Cycle time, page-mode read-write 


70 


85 


95 


ns 


tRASP Pulse duration, page mode, RAS low (see Note 9) 


80 1 00 000 


4 AA <d AA AAA 

100 100 000 


4 AA 4 A A AAA 

120 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low (see Note 9) 


OA < A AAA 

80 10 000 


4 n/N a a aaa 

100 10 000 


4 AA 4 A AAA 

120 10 000 


ns 


*CAS Pulse duration, CAS low (see Note 10) 


AA A A AAA 

20 10 000 


M 4 A AAA 

25 10 000 


A A 4 A AAA 

30 10 000 


ns 


tQp Pulse duration, CAS high 


10 


10 


15 


ns 


tpp Pulse duration, RAS high (precharge) 


60 


70 


80 


ns 


twp Puise duration, write 


15 


20 


25 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tDS Setup time, data (see Note 1 1 ) 


0 


0 


0 


ns 


tRCS Setup time, read before CAS low 


0 


0 


0 


ns 


tCWL Setup time, W low before CAS high 


20 


25 


30 


ns 


*RWL Setup time, W low before RAS high 


20 


25 


30 


ns 


Setup time, W low before CAS low 
(eariy-write operation only; 


0 


0 


0 


ns 


twSR setup time, w nigh (CBR refresh only) 


10 


10 


10 


ns 


tCAH Hold time, column address after CAS low 


15 


20 


20 


ns 


^DHR Hold time, data after RAS low 


60 


75 


90 


ns 


*DH Hold time, data (see Note 11) 


15 


20 


25 


ns 


tAR Hold time, column address after RAS low (see Note 1 3) 


60 


75 


90 


ns 


tRAH Hold time, row address after RAS low 


to 


15 


15 


ns 


tRCH Ho,d time > read after CAS high (see Note 1 2) 


0 


0 


0 


ns 


tRRH Hold time, read after RAS high (see Note 1 2) 


0 


0 


0 


ns 


twCH Hold time, write after CAS low (early-write operation only) 


1 5 


20 


25 


ns 


twCR Hold time, write after RAS low (see Note 10) 


60 


75 


90 


ns 


twHR Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


Delay time, column address to W low 
AWD (read-write operation only) 


40 


50 


55 


ns 


tQHR Delay time, RAS low to CAS high (CBR refresh only) 


20 


20 


25 


ns 


tcRP Delay time, CAS high to RAS low 


0 


0 


0 


ns 


tcSH De,av time » HAS low to CAS high 


80 


100 


120 


ns 


*CSR Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 


tcWD Delay time, CAS low to W low (read-write operation oniy) 


20 


25 


30 


ns 



NOTES: 7. All cycle times assume tj ■ 5 ns. 

8. To assure tpc min, tASC should be * tcpt 

9. In a read-write cycle, tRWD and *RWL must bG observed. 

10. In a read-write cycle, tQW D and tQWL must 09 observed. 

11. Referenced to the later of CAS or W in write operations 

1 2. Either tRRH or tRCH must be satisfied for a read cycle. 

13. The minimum value is measured when tRDc is set to tRCD min 38 a reference. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'44100-80 


'44100-10 


'44100-12 


UNIT 




) 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


tRAD 


Delay time, RAS low to column address (see Note 1 4) 


15 


40 


20 


50 


20 


65 


ns 


*RAL 


Delay time, column address to RAS high 


40 


50 


55 


ns 


tCAL 


Delay time, column address to CAS high 


40 


50 


55 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 4) 


20 


60 


25 


75 


25 


90 


ns 


*RPC 


Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


20 


25 


30 


ns 


tRWD 


Delay time, RAS low to W low (read-write operation only) 


80 


100 


120 


ns 


tCLZ 


CAS to output in low Z (see Note 1 5) 


0 


0 


0 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 




Transition time (see Note 16) 











NOTES: 1 4. Maximum value specified only to assure access time. 

1 5. Valid data is presented at the output after all access times are satisfied. The out put ca n go from the high-impedance state to an 
invalid-data state prior to the spe cified acc ess tim es as the output is driven when CAS goes low. 

1 6. Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 



PARAMETER MEASUREMENT INFORMATION 

1.31V 



Output Under Test 



C|_ = 100pF 
(see Note A) 



Output Under Test 



CL = 100pF ^ 
(see Note A) 



R 2 « 295 G 



(a) LOAD CIRCUIT 

NOTE A: C|_ includes probe and fixture capacitance. 

Figure 1 . Load Circuits for Timing Parameters 



(b) ALTERNATE LOAD CIRCUIT 
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PARAMETER MEASUREMENT INFORMATION 




NOTE A: Valid data is presented at the output after all access times are satisfied. The outp ut can go from the high-impedance state to an 
invalid-data state prior to the specified access times as the output is driven when CAS goes low. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 




J«-tRAD-H| 
p— — j-twCR|-T 



■twCH" 




• Hl-Z - 



Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 



W 



-tRC- 



■ Iras * 



' tRCD " 



" tRSH • 



"tCAS" 



-tcsH" 



tRAH"[>! 



! t AS C -W- 



i i 



I 



tCAL" 



tASR 



Row 




tAR- 



tCAH 



-f-tRAL- 



J_ 



Column 



t - r 

N~ *RAD — H 
I *DS - 




- tCWL - 




WWW 
Don't Care 

\/wv/x/x/wx/ 



tiT 



- tRWL 



Don't Care 

AAAAAAA, 
N 1 

^ 




tRp- 

-tCRP" 



-tcp- 




vwww 

Don't Care 

/vvvvvv 



-twp- 



-tWCR 



*DHR 



*DH 



www 
Don't Care 

/WVWV 




Valid Data 




tcLZ- 



I See Note A 



Don't Care 

/\/\/\/\/\/\/\ 



tQFF ■ 



Not Valid 



NOTE A: Valid data is presented at the output after all access times are satisfied. The outpu t can go from the high-impedance state to an 
invalid-data state prior to the specified access times as the output is driven when CAS goes low. 

Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 




W X>C Don't Car© 



NOTE A: Valid data is presented at the output after all access times are satisfied. The output c an go from the high-impedance state to 
an invalid-data state prior to the specified access times as the output is driven when CAS goes low. 



Figure 5. Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



r,l— i 




NOTES: A. Valid data is presented at the output after all access times are satisfied. The outp ut can go from the high-impedance state to an 
invalid-data state prior to the specified access times as the output is driven when CAS goes low. 
B. Access time is tQPA or t^A dependent. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 




• Hl-Z . 



NOTES: A. Referenced to CAS or W, whichever occurs last. 

B. A read cycle or a read-write cycle can be intermixed with a write cycle as long as read and read-write timing specifications are 
not violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A10 



W 




kftASR U-t ASC ->l | 

-W. H- t R U ! \*- 



tCAH">! 




OOOXmDon't Care 5C\W00X Valid )6(Don't Care V 

AAAAAAqA/vvvvjtAAAAAAAA^ \ /v\A/\ApAy\ 



j*-iCAC-H 



*AA- 



- tRAC " 
tCLZ — 



tCLZ-H 
(see Note A) 

tCPA" 



*OFF " 



See Note A 



Valid 
Out 




Valid Out 



> 



NOTES: A. Valid data is presented at the output after all access times are satisfied. The output ca n go f rom the high-impedance state 
to an invalid-data state prior to the specified access times as the output is driven when CAS goes low. 
B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not 
violated. 



Figure 8. Enhanced-Page-Mode Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



ywww 

Don't Care 

iAAAAAAA 



tRC- 



-tRAS' 



tCRP"^ ►! | 



H — CT>- 

►i r* — tRp — * 

I I [<-tCRP 



I | (see Note A) 



tRPC 




CAS 



A0-A9 



See Note B 



VWWW 
Don't Care 

iAAAAAAA, 



*ASR- 




I 
I 

fi — N-tRAH 

I 



Row 



)66 Don't Care AY 

-/ VSaA A AAAAA/ V 



Row 



W 



vvvvvvv 
Don't Care 

AAAAAAAi 



Don't Care 

AAAAAAAi 



■ Hl-Z - 



NOTES: A. Transition times (rise and fail) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 
B. A1 0 is a don't care. 



Figure 9. RAS-Only Refresh-Cycle Timing 



8-60 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44100 
4194304-WORD BY 1-BIT 
DYNAMIC RANDOM-ACCESS MEMORY 

SGMS040D - JANUARY 1991 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



H -tRc H 




q — — , 1 ; — . , — hi-Z ' 

NOTES: A. Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 
B. A10 is a don't care. 

Figure 1 0. Automatic CBR Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



- Memory Cycle - 



- Refresh Cycle - 



tRP 



— Refresh Cycle ■ 
*RP 



RAS 



CAS 



!! 

«AR-H* 



4H K+tcAH 



| |HM W-j-tASC 



I 

|*ASR 



I I 
I I 



I c — p H —H ■ Vi — — H— — * I 



*CHR 



A0-A10 




Row 



Col 



Don't Care 



tRRH 
^h.tRCS 



*WHR 




tWHR 



*WSR 





tWSR 



HR 




W 





\/\/\/\/\/Y/\/\/ 

Don't Care 

iAAAAAAAAi 



l<-tRAC ~H 



tcLz -^K-j 



S^-tCAC 



Valid Data 



4U 



tQFF- 



i- 



NOTE A: Transition times (rise and fall) for RAS and CAS are to be minimum of 3 ns and maximum of 50 ns. 

Figure 11. Hidden-Refresh-Cycle (Read) Timing 
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- Memory Cycle 



PARAMETER MEASUREMENT INFORMATION 
H Refresh Cycle ►! 



RAS 



CAS 



- Refresh Cycle - 



I*- tRAS -*1 

I I 



■«RP- 



tRP- 



TT 
I I 



-f*l kH *CAH 
. \~+\ W-ftASC 

tRAH " ht*r i l 1 

I « I 1 ► t A R 



A0-A10 




- Hl-Z - 



Figure 12. Hidden-Refresh-Cycle (Write) Timing 
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JDB OR HR PACKAGES 
(TOP VIEW) 



HL PACKAGE 
(TOP VIEW) 



DQ1 C 
DQ2 C 2 

W C 
RAS C 

A9 C 

AO C 

A1 C 

A2 C 

A3 C 

v C cC 



1 


20 


2 


19 


3 


18 


4 


17 


5 


16 


6 


15 


7 


14 


8 


13 


9 


12 


10 


11 




SV PACKAGE 
(TOP VIEW) 



• Processed to MIL-STD-883, Class B 

• Organization ... 1 048 576 x 4 

• Single 5-V Power Supply (±10% Tolerance) 

• Performance Ranges: 

ACCESS ACCESS ACCESS READ 

TIME TIME TIME OR WRITE 

(tRAC) (tCAC) OAA) CYCLE 

(MAX) (MAX) (MAX) (MIN) 

SMJ44400-80 80 ns 20 ns 40 ns 150 ns 

SMJ44400-10 100 ns 25 ns 45 ns 180 ns 

SMJ44400-12 120 ns 30 ns 55 ns 210 ns 

• Enhanced Page Mode Operation for Faster 
Memory Access 

- Higher Data Bandwidth Than 
Conventional Page-Mode Parts 

- Random Single-Bit Access Within a Row 
With a Column Address 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 

1024-Cycle Refresh In 16 ms (Max) 

• 3-State Unlatched Output 

• Low Power Dissipation 

• Texas Instruments Enhanced Performance 
Implanted CMOS (EPIC™) Process 

• All Inputs/Outputs and Clocks are TTL 
Compatible 

• Packaging Options: 

- 20-Pin, 300-Mil Ceramic Side-Brazed DIP 
(JDB suffix) 

- 20-Pin Ceramic Flatpack (HR Suffix) 

- 20-Pad, 350 x 675 Ceramic Chip Carrier 
(HL suffix) 

- 20-Pin Ceramic ZIP (SV suffix) 

- Additional Package Options Planned 

• Military Temperature Range 

-55to125°C 

description 

The SMJ44400 is a series of high-speed 4 1 94304-bit dynamic random-access memories (DRAMs), organized 
as 1 048576 words of four bits each. The series empioys state-of-the-art EPIC™ technology for high 
performance, reliability, and low-power operation. 

The SM J44400 features maximum row access times of 80 ns, 1 00 ns, and 1 20 ns. Maximum power dissipation 
is as low as 360 mW operating and 22 mW standby. 

All inputs and outputs, including clocks, are compatible with Series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data out is unlatched to allow greater system flexibility. 




PIN NOMENCLATURE 



A0-A9 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ4 


Data In/Data Out 


OE 


Output Enable 


RAS 


Row-Address Strobe 


W 


Write Enable 


vcc 


5-V Supply 


vss 


Ground 



PRODUCTION DATA information it currant m of publication date. m . Copyright © 1995, Texas Instruments Incorporated 

Products conform to •pacifications par tha terms of Texas Instruments Wim 

standard warranty. Production processing doss not necessarily Include ^t'# TVv a «•* 

taring d all parameter* _7\r IEXAS 
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description (continued) 

The SMJ44400 is offered in a 300-mil, 20-pin ceramic side-brazed dual-in-line package (JDB suffix), a 20-pin 
ceramic flatpack (HR suffix), a 20-pad 350 x 675 ceramic chip carrier (HL suffix), and a 20-pin ceramic zig-zag 
in-line package (SV suffix) . All packages are characterized for operation from -55°C to 1 25°G. 

operation 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup and hold and address multip lex is eliminated . The 
maximum number of columns that ca n be a ccessed is determined by the maximum RAS low time and the CAS 
page cycle time used. With minimum CAS page cycl e tim e, all 1024 columns specified by column addresses 
AO through A9 can be accessed without intervening RAS cycles. 

Unlike conve ntional page-mode DRAMs, the column-address buffers in t his de vice are activated on the f alling 
edge of RAS. The buffers act as transparent or flow-through latches while CAS is high. The falling edge of CAS 
latches the column addresses. This feature allows the SMJ44400 to operate at a higher data bandwidth than 
conv entional page-mode parts, since data retrieval begins as soon as column address is valid rather than when 
CAS goes low. This performance improvement is referred to as enhanced page mode. Valid column address 
can be present ed im mediately after row address hold time has been satisfied, usually well i n adv ance of the 
falling edge of CAS. In this case, data is obtained after tcAC maximum (access time from CAS low), if t^ 
maximum (access time from col umn a ddress) has been satisfied. In the event that column addresses for the 
next cycle are valid at the time CAS goes high, access ti me for the next cycle is determined by the later 
occurrence of tcAC or *CPA (access time from rising edge of CAS) . 

address (A0-A9) 

Twenty address bits are required to decode 1 of 1 04857 6 sto rage cell locations. Ten row-address bits are set 
up on inputs AO through A9 and latched ont o the c hip by RAS. The ten column-address bits are set up on pins 
A O thro ugh A9 and latch ed onto the chip by CAS. All addresses must be stable on or before the falling edges 
of RAS and C AS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row 
decoder. CAS is used as a chip select, activating the output buffer as well as latching the address bits into the 
column-address buffer. 

write enable (W) 

The read or write mode is selected through W. A logic high on the W input selects the read mode and a logic 
low selects the write mode. The write-enable terminal can be driven from standard TTL circui ts wit hout a pullup 
resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS (early write), 
data out remains in the high-impedance state for the entire cycle permitting a write operation independent of 
the state of OE. This permits early-write operation to be completed with OE grounded. 

data in/out (DQ1-DQ4) 

The high-impedance output buffer provides direct TTL compatibility (no pullup resistor required) with a fanout 
of two Series 54 T TL lo ads. Data out is the same polarity as data in. The output is in the high-impedance 
(floating) state until CAS and OE are brought lo w. In a read cycle the ou tput b ecomes valid after all access times 
are satisfied. The output remains valid while CAS and OE are low. CAS or OE going high returns it to the 
high-impedance state. 
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output enable (OE) 

OE controls thejmpedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low durin g a n orm al cyc le activates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and CAS to be brought low for the output buffers to go into the low-imp edan ce 
state. Once in the low-impedance state, they remain in the low-impedance state until either OE or CAS is 
brought high. 

refresh 

A refresh operation must be performed at least once every 1 6 ms to retain data. This can be achieved by strobing 
each of thel 024 rows (A0-A9). A normal re ad or write cycle refreshes all bits in each row that is selected. A 
RAS-only operation can be used by holding CAS at the high (inactive) level, conserving power as the ou tput 
buffer remains in the high-impedance state. Externally generated addresses must be used for a RAS-only 
refresh. Hi dden refresh can be performed while maintaini ng va lid data at the output pin. This is accomplished 
by ho lding CAS at V|l after a read operation and cycling RAS after a specified precharge period, similar to a 
RAS-only refresh cycle. The external address is ignored during the hidden refresh cycles. 

CAS-before-RAS (CBR) and hidden refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see parameter tcsR) and holding it low after RAS 
falls (see parameter tcsR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. The 
external address is ignored and the refresh address is generated internally. During CBR refresh cycles the 
outputs remain in the high-impedance state. 

Hidden refre sh can be performed while m ainta ining valid data at the output pins. This is accomplished by 
holding CAS at V||_ after a read operation. RAS is cycled after the speci fied r ead cycle parameters are met. 
Hidden refresh can also be used in conjunction with an early-write cycle. CAS is maintained at V ( |_ while RAS 
is cycled, once all the specified early-write parameters are m et. Externally generated addresses must be used 
to sp ecify the location to be accessed during the initial RAS cycle of a hidden refresh operation. Subsequent 
RAS cycles (refresh cycles) use the internally-generated addresses and the external address is ignored. 

power up 

To achieve proper device operation, an initial pause of 200 pis followed by a minimum of eight initialization cycles 
i s req uired after full Vqq level is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only or CBR) cycle. 

test mode 

An industry standard Design For Test (DFT) mode is incorporated in the SMJ44400. A CBR with W low (WCBR) 
cycle is used to enter test mode. In the test mode, data is written into and read from eight sections of the array 
in parallel. All data is written into the array through DQ1 . Data is compared upon reading and if all bits are equal, 
all DO pins go high. If any one bit is different, all the DQ pins go low. Any combination read, write, read-write, 
or page-mode can be used in the test mode. The test mode function reduces test times by enabl ing the 
1 M x 4-bit DRAM to be tested as if it were a 51 2K DRAM where column address 0 is not used. A RAS-only or 
CBR refresh cycle is used to exit the DFT mode. 
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logic symbolt 
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> 23C22 
24.25EN 



G25 



c 





£f 6 D A.Z26 




-? 4+- 




— ^ 




.25 ^_ 







t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and I EC Publication 61 7-1 2. The pinouts illustrated are for the HL package. 

functional block diagram 



RAS CAS 



W 



OE 



I Timing and Control I 



A0- 
A1 - 



A9- 



Column 
Address 
Buffers 



Row 
Address 
Buffers 



16< 



1SL 



Column Decode 


Sense Amplifiers 


128K Array 




128K Array 


128K Array 


R 

0 


128K Array 




w 




• 
• 
• 


D 
e 

c 

0 

d 


• 
• 
• 


128K Array 




128K Array 



16 



>16 



VO 
Buffers 
4 of 16 
Selection 



Data 
In 
Reg. 



4 

+7* 



-IP- 



Data 
Out 
Reg. 



4 



DQ1-DQ4 



Texas 
Instruments 

8-68 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44400 
1 048 576-WORD BY 4-BIT 
DYNAMIC RANDOM-ACCESS MEMORY 

SGMS041D - JANUARY 1991 - REVISED JUNE 1995 



absolute maximum ratings over operating temperature range (unless otherwise noted) t 



Voltage range on any pin (see Note 1) - 1 V to 7 V 

Voltage range on Vqc - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating temperature range, Ta - 55°C to 125°C 

Storage temperature range, T stg - 65°C to 150°C 



T Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vqc Supply voltage 


4.5 5 5.5 


V 


Vm High-level input voltage 


2.4 6.5 


V 


V|i_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Minimum operating temperature 


-55 


°C 


Tq Maximum operating case temperature 


125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'44400-80 


'44400-10 


'44400-12 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


V 0H High-level output voltage 


lOH = - 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


•OL- 4 - 2mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vqc = 5.5 V, V| = 0 V to 6.5 V, 
All other pins « 0 V to V*cc 


±10 


±10 


±10 


HA 


lO Output current (leakage) 


Vqg « 5.5 V, Vo = 0 V to Vrjc. 
CAS high 


±10 


±10 


±10 


HA 


. Read- or write-cycle 
'CC1 current (see Note 3) 


V CC s 5.5 v » Minimum cycle 


85 


80 


70 


mA 


•CC2 Standby current 


After 1 memory cycle, 
RAS and CAS high, 
V|H = 2.4V 


4 


4 


4 


mA 


Average refresh current 
•CC3 (RAS only, or CBR) 
(see Note 3) 


Vqc = 5.5 V, Minimum cycle, 

RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


85 


75 


65 


mA 


Average page current 
' CC4 (see Note 4) 


Vcc s 5.5 V, tpc = minimum, 
RAS low, CAS cycling 


50 


40 


35 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS ■ V|l 
4. Measured with a maximum of one address change while CAS ■ V|h 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, address inputs 


7 


PF 


Cj(RC) Input capacitance, strobe inputs 


10 


PF 


Cj(w) Input capacitance, write-enable input 


10 


PF 


Cq Output capacitance 


10 


PF 


NOTE 5: Vqq * 5 V ± 0.5 V and the bias on pins under test is 0 V. Capacitance is sampled only at initial design and after any major change. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature 




'44400-80 


'44400-10 


'44400-12 


UNIT 




MIN MAX 


MIN MAX 


MIN MAX 


*AA Access time from column address 


40 


45 


55 


ns 


tcAC Access time from CAS low 


20 


25 


30 


ns 


tcpA Access time from column precharge 


45 


50 


55 


ns 


*RAC Access time from RAS low 


80 


100 


120 


ns 


toEA Access time from Of low 


20 


25 


30 


ns 


tQFF Output disable time after CAS high (see Note 6) 


20 


25 


30 


ns 


tOEZ Output disable time after OE high (see Note 6) 


20 


25 


30 


ns 



NOTE 6: tQFF and *OEZ are specified when the output is no longer driven. The outputs are disabled by bringing either OE or CAS high. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'44400-80 


'44400-10 


'44400-12 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, random road or write (see Note 7) 


150 


180 


210 


ns 


tRWC Cycle time, read-write 


205 


245 


285 


ns 


to/* Cvclfi tima nanp-mociA mad or writA fcna NIntA fi\ 


50 


60 


65 


ns 


tDDVA/o CvcIa time naae-mode read-write 


100 


120 


135 


ns 


^RASP Pulse duration, page mode, RAS low (see Note 9) 


80 100 000 

WW 1 WW www 


100 100000 


120 100 000 


ns 


tRAS Pulse duration, nonpage mode, RAS low (see Note 9) 


80 10 000 


100 10 000 


120 10 000 


ns 


tz-k a o PiiIsa duration CAS low fcaa Note 1 Ci\ 


20 10 000 

tm\J 1 \J WWW 


25 10 000 

&W 1 W WW 


30 10 000 

Uv 1 V www 


ns 


tro Pulse duration CAS hinh 


10 


10 


15 


ns 


tRp Pulse duration, RAS high (precharge) 


60 


70 


80 


ns 


twp Pulse duration, write 


15 


20 


25 


ns 


*ASC Setup time, column address before CAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tos Setup time, data (see Note 1 1 ) 


0 


0 


0 


ns 


tRCS Setup time, read before CAS low 


0 


0 


0 


ns 


tQWL Setup time, W low before CAS high 


20 


25 


30 


ns 


tRWL Setup time, W low before RAS high 


20 


25 


30 


ns 


Setup time, W low before CAS low 
(early-write operation only) 


0 


0 


0 


ns 


tvA/co Satuo time W hinh fCRR refresh onlvl 

*WOri woiup univ, if iii^ii ^wun 1 winy/ 


10 


10 


10 


ns 


^CAH Hold time, column address after CAS low 


15 


20 


20 


ns 


tDHR Hold time, data after RAS low 


60 


75 


90 


ns 


tDH Hold time, data (see Note 11) 


15 


20 


25 


ns 


tAR Hold time, column address after RAS low (see Note 1 0) 


60 


75 


90 


ns 


*RAH H 0ld time, row address after RAS low 


10 


15 


15 


ns 


*RCH nolo time, read after uas nign (see Note 1 2) 




o 


0 


ns 


iRRH "old time, read after has nigh (see Note 1 2) 


0 


0 


0 


ns 


*WCH Hold time, write after CAS low (early-write operation only) 


15 


20 


25 


ns 


twCR Hold time, write after RAS low (see Note 1 0) 


60 


75 


90 


ns 


twHR Hold time, W high (CBR refresh only) 


10 


10 


10 


ns 


toEH Hold time, OE command 


20 


25 




ns 


*ROH Hold time, RAS referenced to OE 


20 


25 


30 


ns 


Delay time, column address to W low 
AWD (read-write operation only) 


70 


80 


90 


ns 


*CHR Delay time « RAS low to CAS high (CBR refresh only) 


20 


20 


25 


ns 


tCRp Delay time, CAS high to RAS low 


0 


0 


0 


ns 


tQSH Delay time, RAS low to CAS high 


80 


100 


120 


ns 


tcSR Delay time, CAS low to RAS low (CBR refresh only) 


10 


10 


10 


ns 


tQWD Delay time, CAS low to W low (read-write operation only) 


50 


60 


70 


ns 



NOTES: 7. All cycle times assume tj = 5 ns. 

8. To assure tpc min, tASC should be % top 

9. In a read-write cycle, tpvVD and tRWL must be observed. 

10. In a read-write cycle, tcyy p and tQWL must be observed. 

1 1 . Referenced to the later of CAS or W in write operations 

1 2. Either tRRH or tRCH must be satisfied for a read cycle. 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



8-71 



SMJ44400 

1 048 576-WORD BY 4-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 

SGMS041 D - JANUARY 1 991 - REVISED JUNE 1 995 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 







'44400-80 


'44400-10 


'44400-12 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


*RAD 


Delay time, RAS low to column address (see Note 1 3) 


15 


40 


20 


50 


20 


65 


ns 


tRAL 


Delay time, column address to RAS high 


40 


50 


55 


ns 


*CAL 


Delay time, column address to CAS high 


40 


50 


55 


ns 


tRCD 


Delay time, RAS low to CAS low (see Note 1 3) 


20 


60 


25 


75 


25 


90 


ns 


tRPC 


Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH 


Delay time, CAS low to RAS high 


20 


25 


30 


ns 


tRWD 


Delay time, RAS low to W low (read-write operation only) 


110 


135 


160 


ns 


tCLZ 


CAS to output in low Z (see Note 1 4) 


0 


o 


0 


ns 


tOED 


OE to data delay 


20 


25 


30 


ns 


tREF 


Refresh time interval 


16 


16 


16 


ms 


tT 


Transition time (see Note 15) 











NOTES: 13. 
14. 



15. 



Maximum value specified only to assure access time. 

Valid data is presented at the outputs after all access times are satisfied b ut can go from the high-impedance state to an invalid-data 
state prior to the specified access time s as the o utputs are driven when CAS and OE are low. 
Transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 50 ns. 



PARAMETER MEASUREMENT INFORMATION 

1.31 V 



R L = 218Q 



Output Under Test 

CL = 100pF 
(see Note A) 



Output Under Test 



CL = 100pF ^ 
(see Note A) 



R 1 - 828 Q 



R 2 - 295 CI 



(a) LOAD CIRCUIT 



(b) ALTERNATE LOAD CIRCUIT 



NOTE A: C|_ includes probe and fixture capacitance. 

Figure 1 . Load Circuits for Timing Parameters 
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PARAMETER MEASUREMENT INFORMATION 




NOTE A: Valid data is presented at the outputs after all access times are satisfied but can g o from the high-impedance state to an 
invalid-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 

Figure 2. Read-Cycle Timing 
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A0-A9 



PARAMETER MEASUREMENT INFORMATION 

, — — tRC ; 




OE 



' WWW 
Don't Care 

iAAAAAA, 



Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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NOTE A: Valid data is presented at the outputs after ail access times are satisfied but can g o from the high-impedance state to an 
invalid-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 



Figure 5. Read-Write Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



A0-A9 




NOTES: A. Valid data is presented at the outputs after all access times are satisfied but can go from the high-impedance state to an 
invalid-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 
B. Access time is tQPA or tAA dependent. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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vvvaaaaaaa^sa 

y\ Don't Care W 



NOTES: A. Referenced to CAS or W, whichever occurs last. 

B. A read cycle or a read-write cycle can be intermixed with write cycles as long as read and read-write timing specifications 
are not violated. 



Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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NOTES: A. Valid data is presented at the outputs after all access times are satisfied but can go f rom t he high-impedance state to an 
invalid-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 
B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not 
violated. 



Figure 8. Enhanced-Page-Mode Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 9. RAS-Only Refresh Timing 
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r* *rc *i 




DQ1-DQ4 ■ 1 Hl-Z 

Figure 1 0. Automatic-CBR-Ref resh-Cycle Timing 
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- Memory Cycle 



Refresh Cycle 



tRAS 



-+H »RP 

I N — 



RAS 



CAS 



tAR" 



T 



tRAH"t>lNi |l| I 
tASR~H>i II I I I I I 



A0-A9 



W 




Row 



Col 



tRRH 



# 1 1 i y w 1^ 



-*i i«- I r*-*— *WHR 



~H k-twsR 




DQ1-DQ4 



OE 



tQlZ ■ 

(see Note A) 



tCAC 
*AA 
"tRAC 



k)FF- 



Valid Data Out 



> 



k)EZ" 



M *f *OEA 



NOTE A: Valid data is presented at the outputs after ail access times are satisfied but can go fro m the high-impedance state to an 
invalid-data state prior to the specified access times as the outputs are driven when CAS and OE are low. 



Figure 11. Hidden-Refresh-Cycle (Read) Timing 
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Figure 12. Hidden-Refresh-Cycle (Write) Timing 
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Organization . . . 16777216 x 1 Bits 
Single 5-V Power Supply (10% Tolerance) 
Performance Ranges: 





ACCESS 


ACCESS 


ACCESS 


READ 




TIME 


TIME 


TIME 


OR WRITE 




tRAC 


*CAC 


*AA 


CYCLE 




(MAX) 


(MAX) 


(MAX) 


(MIN) 


"416100-70 


70 ns 


18 ns 


35 ns 


130 ns 


'416100-80 


80 ns 


20 ns 


40 ns 


150 ns 


'416100-10 


100 ns 


25 ns 


45 ns 


180 ns 



Enhanced Page-Mode Operation for Faster 
Memory Access 

CAS-Before-RAS (CBR) Refresh 

Long Refresh Period: 

4096 Cycles Refresh in 32 ms 
3-State Unlatched Output 
Low Power Dissipation 

All Inputs, Outputs and Clocks Are 
TTL Compatible 

Operating Free-Air Temperature Range: 
-55°Cto125°C 



description 



The SMJ416100 series is a set of high-speed 
16777216-bit dynamic random-access 
memories (DRAMs), organized as 16777216-bit 
words by one bit each. They employ enhanced 
performance implanted CMOS (EPIC™) technol- 
ogy for high performance, reliability, and low 
power. These devices feature maximum RAS 
access times of 70 ns, 80 ns, and 1 0 ns. 

All inputs, outputs, and clocks are compatible with 
Series 54 TTL. All addresses and data-in lines are 
latched on-chip to simplify system design. Data 
out is unlatched to allow greater system flexibility. 

The SMJ416100 is offered in a 450-mil 
24/28-terminal surface-mount small-outline 
leadless chip carrier (FNC suffix) and a 450-mil 
28-lead flatpack (HKB suffix). The packages are 
characterized for operation from 
-55°Cto125°C. 



FNC PACKAGE 
(TOP VIEW) 



v C c 

D 
NC 
W 
RAS 
A11 



A10 
AO 
A1 
A2 
A3 

V C C 



Hi 

Us 
He 



]7 
]9 



24C 
23 Z 
22 C 
21 1 
20 C 

i»: 



is: 

17C 

ieE 



U10 15C 

□ 11 14C 

□ 12 13C 



v S s 

Q 

NC 

CAS 

NC 

A9 



A8 
A7 
A6 
A5 
A4 
V SS 



HKB PACKAGE 
(TOP VIEW) 




PIN NOMENCLATURE 



A0-A11 


Address Inputs 


CAS 


Column-Address Strobe 


D 


Data In 


NC 


No Internal Connection 


Q 


Data Out 


RAS 


Row-Address Strobe 


W 


Write Enable 


v C c 


5-V Supply 


v S s 


Ground 



EPIC is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information Is currant as of publication date. Copyright© 1995, Texas Instruments Incorporated 

)f Tsxas Instruments Wim 
Inacaaaarilylncluda wV& TVvAC 

totting of all parameters. 1 EXAS 



Product! conform to specifications par tha tarma of faxaa Inatrumanta 
standard warranty. Production processing doea not necessarily includa 



iJotruments 

POST OFFICE BOX 1 443 • HOUSTON, TEXAS 77251-1 443 8-85 



SMJ416100 
16777216-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 

SGMS045C - NOVEMBER 1992 - REVISED JUNE 1995 



logic symbol* 



AO- 
A1 - 
A2- 
A3" 
A4- 
A5- 
A6" 
A7- 
A8- 
A9- 
A10- 
A11 - 



10 



11 



12 



13 



CAS 



16 



17 



18 



19 



20 



23 



RAS" 



25 



W- 



RAM16Mx1 
30D12/21D0 



> A 



16 777 215 



31D23/21D11 
C30 [ROW] 
G33 [REFRESH ROW] 
34 [PWR DWN] 

C31 [COL] 
G34 



> 33C32 



34 EN 



A,32D 



AV 



TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 



27 



functional block diagram 



A0- 
A1 - 



A11 



Column- 
Address 
Buffers 



Row- 
Address 
Buffers 



12 



RAS CAS 



W 



I Timing and Control 

I 



Column Decode 



Sense Amplifiers 



256K Array 



256K Array 



256K Array 



12 
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operation 

enhanced page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. The time required to set up and strobe row addresses for the same 
page is el imina ted. The maximum number of columns that can be addressed is determined by \ras> the 
maximum RAS low time. 

The column-address buffers in this C MOS device are activated on th e fall ing edge of RAS. They act as a 
transparent or flow-through latch while CAS is high. The falling edge of CAS latches the addresses into these 
buffers and also serves as an output-enable. This feature allows the SMJ416100 to operate at a higher data 
bandwidth than c onven tional page-mode parts because retrieval begins as soon as the column address is valid 
rather than when CAS transitions low. The performance improvement is referred to as enhanced page mode. 
A valid column address can b e pre sented immediately after row-address hold time is satisfied, usually well in 
advance of the falling edge of CAS. In this case, data is obtained after tQAC maximum (access time from CAS 
low) if t£A maximum (acces s time from column address) and tpAC are satisfied. If the column address for the 
next cycle is valid at the time CAS goes high, access time is determined by the later occurrence of tcPA or tcAC- 

address (A0-A11) 

Twenty-four address bits are required to decode 1 of 1 677721 6 storage-cell locations. Twel ve row-address bits 
are set up on inputs AO through A11 and latched during a normal access and during RAS-only refresh as the 
device requ ires 4 096 refresh cycles. Twelve column-address bits are set up on A O thro ugh A11 and latc hed onto 
the chip by CAS. All addresses must be stable on or before the falling edges of RAS a nd CAS. RAS is similar 
to a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select, 
activating the output buffer as well as latching the address bits into the column buffer. 

write enable (W) 

The read or writemode is selected through W. A logic high on W selects the read mode and a logic low selects 
the write mode. W can be driven from standard TTL circuits witho ut a p ullup resistor. The data input is disabled 
when the read mode is selected. When W goes low prior to CAS (early write), data out remains in the 
high-impedance state for the entire cycle, permitting common I/O operation. 



Data is written during a write or read-modify-write cycle. Depending on the mode of operation, th e fallin g of CAS 
or W strobes d ata in to the on-chip data latch. In an early-write cycle, W is brought low prior to CAS and data 
is stro bed in by CAS with setup and hold times referenced to this signal. In a delayed-write or read-modify-write 
cycle, CAS is already low and data is strobed in by W with setup and hold times referenced to this signal. 



The 3-state output buffer provides direct TTL compatibility (no pullup resi stor r equired) with a fanout of two 
Series 54 TTL loads. The output is in the high-impedance (floating) state until CAS is brought low. In a read cycle, 
the o utput becomes valid at the latest occurrence of tRAO *AA« *CAC» ort CPA and remains valid while CAS is low. 
CAS going high returns it to the high-impedance state. In a delayed-write or read-modify-write cycle, the output 
does not change but retains the state just read. 



data 



in (D) 



data 



out (Q) 
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refresh 

A refresh operation must be performed at least once every 32 ms to retain data by strobi ng ea ch of the 4096 
rows (AO- A1 1 ) . A norm al rea d or write cycle refreshes all bits in each row that is selected. A RAS-only operation 
can be used by holding CAS at a high (inactive) level, conserving power bec ause the output buffer remains in 
the high-impedance state. Ex terna lly generated addresses must be used for a RAS -only refresh. Hidden refresh 
can be performed b y hol ding CAS at V||_ after a read op eratio n and cycling RAS after the specified precharge 
period, similar to a RAS-only refresh cycle except with CAS held low. Valid data is maintained at the output 
throughout the hidden-refresh cycle. The external address is ignored and the hidden-refresh address is 
generated internally. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (see para meter tcsR) and holding it low after 
RAS falls (see parameter tcHR)- For successive CBR-refresh cycles, CAS can remain low while cycling 
RAS. For this mode of refresh, the external addresses are ignored and the refresh address is generated 
internally. 

power up 

To achieve proper device operation, an initial pause of 200 us followed by a minimum of eight initialization cycles 
i s req uired after full Vqq level is achieved. These eight initialization cycles must include at least one refresh 
(RAS-only or CBR) cycle. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc - 1 V to 7 V 

Voltage range on any pin (see Note 1 ) - 1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, Ta - 55°C to 1 25°C 

Storage temperature range, T s t g - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ty\ Operating free-air temperature 


-55 125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'416100-70 


'416100-80 


'416100-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v*oh High-level output voltage 


lOH = ~ 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


'OL = 4.2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


Vcc^S.SV, V| = 0Vto6.5V, 
All others *0V to Vcc 


±10 


±10 


±10 


MA 


lO Output current (leakage) 


Vcc = 5.5 V, Vo = 0 V to Vcc. 
CAS high 


±10 


±10 


±10 


ma 


. Read- or write-cycle 
•CC1 curr ent (see Note 3) 


Vcc = 5.5 V, Minimum cycle 


80 


70 


60 


mA 


'CC2 Standby current 


After one memory cycle, 
RAS and CAS high, 
V|H = 2.4V(TTL) 


2 


2 


2 


mA 


After one memory cycle, 

RAS and CAS high, 

V|H - VCC - O- 2 V (CMOS) 


1 


1 


1 


mA 


Average refresh current 
'CC3 (RAS-only refresh or CBR) 
(see Note 3) 


Vcc - 5.5 V, Minimum cycle, 
RAS cycling, 

CAS high (RAS-only refresh) , 
RAS low after CAS low (CBR) 


80 


70 


60 


mA 


. Average page current 
' CC4 (see Note 4) 


VCC ■ 5.5 V, Minimum cycle, 
RAS low, CAS cycling 


65 


60 


55 


mA 


. Standby current output 
007 enable (see Note 5) 


Vcc ~ 5.5 V, Minimum cycle, 
RAS = V| H , CAS = V| Ll 
Data out = enabled 


5 


5 


5 


mA 



NOTES: 3. Measured with a maximum of one address change while RAS = V|i_ 

4. Measured with a maximum of one address change while CAS = V|h 

5. Measured with indicated conditions following a normal read cycle 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


c i(A) Input capacitance, AO- A11 1 


9 


PF 


Cj(D) Input capacitance, DT 


8 


PF 


c i(RC) Input capacitance, CAS and RASt 


8 


PF 


Cj(w) Input capacitance, Wt 


8 


PF 


C 0 Output capacitance t 


14 


PF 



t Input capacitance for ZIP (SV suffix) package is 12 pF. 



NOTE 6: Capacitance is sampled only at initial design and after any major changes. Samples are tested at 0 V and 25°C with a 1 -MHz signal 
applied to the terminal under test. All other terminals are open. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


'416100-70 


'416100-80 


'416100-10 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN MAX 


*AA 


Access time from column address 


35 


40 


45 


ns 


tCAC 


Access time from CAS low 


18 


20 


25 


ns 


*CPA 


Access time from column precharge 


40 


45 


50 


ns 


tRAC 


Access time from RAS low 


70 


80 


100 


ns 


tOEA 


Access time from OE low 


18 


18 


18 


ns 


tOFF 


Output disable time after CAS high (see Note 8) 


0 


18 


0 


20 


0 25 


ns 


tQEZ 


Output disable time after OE high (see Note 8) 


0 


18 


0 


20 


0 25 


ns 



NOTES: 7. Valid data is presented at the output after all access times are satisfied. Valid data can go from the high-impedance state to an invalid 

data state prior to the specified access times as the output is driven when CAS goes low. 

8. tQFF ' s specified when the output is no longer driven. The output is disabled by bringing CAS high. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'4.1 £1 ftf) _ 7ft 

•» i o i uu- #u 


Aft_flft 


*l 1 0 1 UU" IU 


UNIT 


fjIKI MAY 


MIM MAY 
Mini WIMA 


MIN MAY 

Min mMA 


f\yfMo timA ranHnm roar! nr u/rito /coo Klnto Q\ 
wyi/ie lima, leuiuuiii louu ur wruo ^oots ixuit? jjj 


130 


150 


180 


ns 


(nt a i*\ Ow/»la tim a raoH-writa /eaa Mrt+a 0\ 
l RWC v/yCIo lllilo, reaU-Willo ^Soe FWulo «#/ 


IOO 


1 fO 


210 




l PC oycio iiiTioi payo motie roua or writ© ^soo inoios 9 ana 1 u) 




ou 


oo 




tnmiM f^v/f^la tim a nana mnWa rAoH-iAyrif a /eaa Klnta Q\ 
PRWC v^yunj mile, payo itiuuo roau-wriio ^oao wuio ttj 


68 


75 


85 




tnAAn Di iIca rlnratinn QAC I/ma/ nona mn/'la /eaa Mnta 11 \ 
IRASP • Uloo UuTcUIUfl, riANO IUW, payo Iiluuo ^Sw INUlo 1 1 ) 


7n inn nnn 

1 U 1 UU uuu 


fin 1 nn nnn 

OU 1 UU uuu 


1 nn 1 nn nnn 

1 UU 1 UU uuu 




fnAO Pi ilea Hnratinn DA.Q Inu/ nnnnona mnHa /eaa Klnta 1 1 \ 
IRAS ruiao uurauuii, nno iuw, iiunpayo muuo yaoo wuio 1 1 ) 


7n m nnn 

lU 1 u uuu 


fin m nnn 

OU 1 u uuu 


ion m nnn 

1 UU 1 u uuu 


ns 


(aia Di ilea Wi iratlnn PAQ Isma/ /eaa Klnta 10\ 
^CAS Uloo UUlallUll, V/MO IOW (SOU fMUlO l£J 


1ft m nnn 

IO IU uuu 


on in nnn 

£\i 1 U UUU 


oe 1 n nnn 

€.9 1 U UUU 




t^\n Di ilea eii irot!r»n PAQ hSrifo 
IQP ruioo uuialion, wnO iliyri 


IU 


10 


10 




tnn Pi ilea rlurotinn RAfi hinh fnrof»harno\ 
iRP ruioo uufaiiuii, nr\o iiiyn \pioi*iiaTyo/ 


50 


60 


70 


ns 


hiin Pi ilea riuratinn \A/ Inu/ 
Wi i uioo uui auui i, vv iuw 


10 


10 


10 


ns 


t a o/^ Sfltun timA cnlumn arlrirAec hAforA CAS low/ 

1*1 wwlU III 1 IC7| wUlwlllll CIVJ UIOOO \Jr\\J IUVV 


o 


o 


o 


ns 


t a od Sotnn timA row arlrirAQe hAfnrA RAS Inu/ 
i/\^p{ ooiu^j who, iuw auuiooo uoiuio rwj iww 


o 


o 


o 


ns 


tne SAtnn timA data fcoo KlntA 13^ 


o 


o 


o 


ns 


ti-)^>o Sotim timA \A/ hinh hAfnrA f^AS Inu/ 
^f-JQJo woiup uiiio, vv iiiy ii uoiuio w/^o iuw 


o 


o 


o 


ns 


tr^iA/i SAtiin timA W Inu/ hAfnrA f!AS hinh 
wWL> wwiu yj m 1 1 W| vv iuw Uwiui v i iiy 1 1 


18 


20 


25 


ns 


tniA/i Sotimtimo \A/ Inui hAfnrA RAfi hinh 
HWL ooiup uiiio, vv iuw uoiuio rw^ iiiyn 


18 


20 


25 


ns 


t\ii/\n Sotim timA \A/ Inu/ hAfnrA OAfi Inu/ /oarhz-u/rito nnoratinn nnk/N 
lyyCJo woiup uiiio, vv iuw uoiuio wno iuw ^oany wmo uuoiauuii uiiiyy 


o 


o 


0 


ns 


t\A#r>P4 Sotim timA \A/ hinh hAfnrA RAQ Inu/ /f^RR rofroch nnlt/\ 
M/VRP ooiup who, vv iiiyn uoiuio nr\o iuw ^vun loiiooii uiuyj 


10 


10 


10 


ns 


is* a i_i Hnlrl timA nnlnmn aHHrocc aftor CAQ Inu/ 
IQ^/\H nuivj iiiiiOi vuiuiiiil duuiooo diloi vno iuw 


15 


15 


15 


ns 


tr\i_i HnlH timA riata /caa Klnto 1 ^ 


15 


15 


15 


ns 


to a ii Hnlrl timA rnu/ AHHrAQQ aftAr R AS Inu/ 
nuiu uiiiO) iuw auvJiooo aiioi rw« iuw 


10 


10 


10 


ns 


tnr»u Hnlri timA W hinh aftAr f^A£ hinh /eaa Klnto 1 A\ 
nwn nuiu iiiiio, vv niyii eiiioi vnw iiiyn ^ooo inuio ity 


o 


o 


o 


ns 


tnnu Hnlrl timo W hinh aftAr RA53 hinh /eaa Klnto 1A\ 
l H(^f-| nuiu iiiiiO) vv iiiy ii aiioi rwu iiiyn ^ooo nuio i -ty 


o 


o 


5 


ns 


twCH H 0 '^ time, W low after CAS low (early-write operation only) 


15 


15 


15 


ns 


twRH Ho,d time, W high after RAS low (CBR refresh only) 


10 


10 


10 


ns 


tRHCP Hold time, RAS high from CAS precharge 


40 


45 


50 


ns 


tAWD Delay time, column address to W low (read-write operation only) 


35 


40 


45 


ns 


tCHR De,a y time, RAS low to CAS high (CBR refresh only) 


10 


10 


20 


ns 


tQRp Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tCSH Delay time, RAS low to CAS high 


70 


80 


100 


ns 


tCSR Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


10 


ns 


tcWD Delay time, CAS low to W low (read-write operation only) 


18 


20 


25 


ns 



NOTES: 9. All cycle times assume tj = 5 ns, referenced to V|n(min) and V||_(max). 

10. To assure tpc min, tASC should be * tCP- 

11. In a read-write cycle, tRWD and tRWL must be observed. 

12. In a read-write cycle, tcW D and 1 qwl mus t be observed. 

1 3. Referenced to the later of CAS or W in write operations 

1 4. Either Irrh or tRCH ^" s t be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 





'416100-70 


'416100-80 


'416100-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRAD Delay tim©, RAS low to column address (s©e Not© 1 5) 


15 35 


15 40 


15 55 


ns 


*RAL Delay time, column address to RAS high 


35 


40 


45 


ns 


tQAL Delay time, column address to CAS high 


35 


40 


45 


ns 


*RCD Delay time, RAS low to CAS low (see Note 15) 


20 52 


20 60 


20 75 


ns 


tRPc Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH Delay time, CAS low to RAS high 


18 


20 


25 


ns 


tRWD De,a Y time » RAS low to W low (read-write operation only) 


70 


80 


100 


ns 


tcpw De,a y tJme » W low after CAS precharge (read-write operation only) 


40 


45 


50 


ns 


tREF Refresh time interval 


32 


32 


32 


ms 


ty Transition time (see Note 16) 











NOTES: 1 5. The maximum value is specified only to as sure a ccess time. 

1 6. Transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 30 ns. 



PARAMETER MEASUREMENT INFORMATION 

1.31V 5 V 



R L = 218Q 



Output Under Test 



C L = 100pF 
(see Note A) 



Output Under Test 



CL = 100pF 
(see Note A) 



R1 =828 3 



R2 = 295Q 



NOTE A: C[_ includes probe and fixture capacitance, 
(a) LOAD CIRCUIT 

LOAD CIRCUIT 



(b) ALTERNATE LOAD CIRCUIT 



V|H/VoHmin 

v il/ v ol max 



= = =K 



X 



VOLTAGE WAVEFORMS 



Figure 1 . Load Circuits and Voltage Waveforms 

The ac timing parameters are specified with reference to the minimum valid high-level voltage and the maximum 
valid low-level voltage for each signal . This corresponds to 2.4 V and 0.8 V for inputs; 2.4 V and 0.4 V for outputs 
with the given load circuit. 
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RAS 



A0-A11 



W 



PARAMETER MEASUREMENT INFORMATION 

t RC H 



K 



■ *ras - 



Y \ 



- tRCD ■ 



-tcSH" 



! * 



- tRSH - 



-«CAS- 



J ! 



j*ASR 



tRAH 



-I tASC 

I 

-t-t R AL- 



l I 

in 



■ tCAL " 



tpp 

tcRp- 



■tcp- 



Row 



Column 




tRCS 



I I 



\aaa;(aa/ 
Don't Care 

/vvvwv\ 




tCAH 



www 
Don't Care 

fVVVVVY 




*RRH 

I 

"H-tRCH 



' tCAC " 




www 

Don't Care 

f'vvwvwv 



" *AA " 



-tQFF- 



' Hl-Z ■ 



See Note A 



Valid 



> 



i 



i 



• tRAC " 



NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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RAS 



CAS 



A0-A11 



W 



PARAMETER MEASUREMENT INFORMATION 

, , tRC ' 



- tRAS ■ 



-tRp- 



- tRCD " 



- tRSH ' 



•«GAS-- 



I I 



tCSH 



■ *CRP " 



7*7Te I I 



J L 



*RAH-|-^| 

, 1 1 1 
~H \++ *ASR 

!_L' 

Row 



tASC-K 



-tcp- 



tCAH 
" *CAL " 




■L 



"tRAL" 



I I 
I I 



Column 



WWW 
Don't Care 

YVYYV 



(4- *RAD -*| 



-tcWL- 




- *RWL " 



WWWV 
Don't Care 

/\/\/\/\/\/\/\ 



-twCH" 



WWW 
Don't Care 

iAAAAAAAi 



— *DH 



-tDS" 




Valld Data 




WWW 
Don't Care 

/\/\/\/\/\/v 



Hl-Z 

Figure 3. Early-Write-Cycle Timing 
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RAS 



PARAMETER MEASUREMENT INFORMATION 



tRC- 



tRAS ►! 

I 



>t J4. — » — 'X 



- tRSH ^ 

tRCD H . *1 tcRP- 



1 j« *r ^ ii 



■ i i 1 1 

] | H -\ «CAL 1\ I | 

XftAH 1*\ \*~ I — *| k-tcAH J | | 



I ' n tR/u. t-f*\ 




kftASR 



AO-All OOOC R o* XOOC Column XOOOOOOL Don-tCar. 





\/\/\/\/y 



, DS _J J? «™l 



A/wwwyyywsk j yvVVWVWVWWW ' 
W XXXXXXX) Don'tCara <XXXX^ Don'tCare 
AAAAAAAAAA^AAAt -MAAAftAAAAA/\/\/\/\/v/\/v 

| [« twp — ►! 

I | 

I |« H- t D H 

w v yyy v\ J* — — 4 / vvv wvs<Vvv w www 

Don't Care )600(XA Valid Data )Q00000W 
AAAA A AAA AA A/ \ \AAAA AA AAA AA/w w w< 

k)FF 



Not Valid j ^- 



Figure 4. Wrlte-Cycle Timing 



CAS " jl tASC^— >|S b ^ 1 / ^1 tcp » \ 
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PARAMETER MEASUREMENT INFORMATION 



k tRwc — — — — — -H 




| | f*— t C WD — ►! | | 




| H tAA ►] 

tRAC *| 

NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 5. Read-Write-Cycle Timing 
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RAS 



CAS 



A0-A11 



W 



PARAMETER MEASUREMENT INFORMATION 



■ tRASP " 



tRP" 



" tRHCP " 



" *RCD " 



-tpc- 



I I 



-tcSH" 



*CRP 



" *RAH " 



*ASR 



L . J I I* *RSH — W 

-UJ k4-t ASC I ' ^ 1 H 



!! 




NOTES: A. Access time is tcPA* *CAC or t/\A dependent. 

B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A11 



X 



w 



-tcSH- 



- »RCD - 



*-*H<ASR tASC ^J 



I 

K- tRAH -*J I 



Row 

-r 



tRAD 



vwww 

Don't Care 

/VVVVVVY 



tCAH 



Column 




tRWL" 



WWS/W 1 
Don't Cart 

/\/\/\/\/\/\/v 



WWVAA/ 
Don't Care 

/VVVVWY 



f DS 
(see Note A) 



t DH — 

tpH 
(see Note A)' 



Valid Data In 



Valid 
In 



www 
Don't Care 

/VVVVWY 



• Hl-Z - 



NOTES: A. Referenced to CAS or W, whichever occurs last 

B. A read cycle or a read-write cycle can be intermixed with write cycles as long as read and read-write timing specifications are not 
violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A11 



W 




NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated. 

Figure 8. Enhanced-Page-Mode Read-Write-Cycle Timing 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



8-99 



SMJ416100 
16777216-BIT 

DYNAMIC RANDOM-ACCESS MEMORY 

SGMS045C- NOVEMBER 1992 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



RAS 



tCRP 




-t R c- 



-tRAS- 



ft — 



I I 

4- 
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|*-*CRP 
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A0-A11 



Don't Care 



vwww 

Don't Care 

/VVVVVVY 



tASR H H 



1 !«- 
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-H-t R AH 
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Don't Care 

/VVVVVVY 



Row 



Don't Care 
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w 



waaaa/ ' 
Don't Care 

/vww\ 



- Hl-Z - 



Figure 9. RAS-Only Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




Q Hl-Z 

Figure 10. Automatic-CBR-Ref resh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



- Refresh Cycle - 
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Figure 11. Hidden-Refresh-Cycle (Read) Timing 
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PARAMETER MEASUREMENT INFORMATION 
H Refresh Cycle X 



CAS 



- Memory Cycle |< 

J k-t R AS->| I 



- Refresh Cycle - 



u— u 



tRAH "WW- I | | 



tASC 



A0-A11 XRow 



tCHR-K" 



-*CAS- 




Col 



aaaaaa; 1 
Don't Care 



*wcs— h- 



tRRH 



tWRH 
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/vvvvvvv 
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• Hl-Z - 



Figure 12. Hidden-Refresh-Cycle (Write) Timing 
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• Organization . . . 4194304 x 4 

• Single 5-V Power Supply (10% Tolerance) 

• Performance Ranges: 

ACCESS ACCESS ACCESS READ 

TIME TIME TIME OR WRITE 

tRAC tcAC tAA CYCLE 

(MAX) (MAX) (MAX) (MIN) 

•416400-70 70 ns 18 ns 35 ns 130 ns 

'416400-80 80 ns 20 ns 40 ns 150 ns 

'416400-10 100 ns 25 ns 45 ns 180 ns 

• Enhanced Page-Mode Operation for Faster 
Memory Access 

• CAS-Before-RAS (CBR) Refresh 

• Long Refresh Period 

4096 Cycles Refresh in 32 ms 

• 3-State Unlatched Output 

• Low Power Dissipation 

• All Inputs, Outputs, and Clocks are 
TTL Compatible 

• Operating Free-Air Temperature Range 

-55°Cto125°C 

description 

The SMJ416400 series is a set of high-speed 
16777216-bit dynamic random-access 
memories (DRAMs), organized as 4194304 
words by four bits each. They employ enhanced 
performance implanted CMOS (EPIC™) technol- 
ogy for high performance, reliability, and low 
power. 

These devices feature maximum RAS access 
times of 70 ns, 80 ns, and 100 ns. All inputs, 
outputs, and clocks are compatible with Series 54 
TTL. All addresses and data-in lines are latched 
on-chip to simplify system design. Data out is 
unlatched to allow greater system flexibility. 

The SMJ416400 is offered in 450-mil 24/28-pin 
surface-mount small-outline leadless-chip carrier 
(FNC suffix), 28-lead flatpack (HKB suffix), and 
24-lead ZIP (SV suffix) packages. The packages 
are characterized for operation from -55°C to 
125°C. 



FNC PACKAGE 
(TOP VIEW) 



SV PACKAGE 
(TOP VIEW) 



V C C 
DQ1 
DQ2 

W 

RAS 
A11 



A10 
AO 
A1 
A2 
A3 

V C C 



m 

II 3 

He 



28 C 
26 C 

23 Z 



U9 20[ 

H 10 19C 

J 11 18[ 

]12 17[ 

□ 13 ieC 

]14 15C 



Vss 

DQ4 

DQ3 

CAS 

OE 

A9 



A8 
A7 
A6 
A5 
A4 

Vss 




HKB PACKAGE 
(TOP VIEW) 




PIN NOMENCLATURE 



A0-A11 


Address Inputs 


CAS 


Column-Address Strobe 


DQ1-DQ4 


Data In/Data Out 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


W 


Write Enable 


v C c 


5-V Supply 


vss 


Ground 



EPIC is a trademark of Texas Instruments Incorporated. 
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logic symbolt 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 



10 



11 



12 



13 



16 



17 



18 



19 



20 



23 




CAS- 

JW- 
61- 

DQ1 

DQ2- 
DQ3- 
DQ4- 



25 



24 



RAM4096KX4 
20D12/21D0 V 



> A 



4194 303 



20D21/21D9 
/21D10 
/21D11 J 

i> C21[ROW] 
G23/[REFRESH ROW] 
24[PWR DWN] 



> C20[COLUMN] 
G24 



23.20D 



> 23C22 
24\25EN 



G25 





A.22D 

Z A.Z26 ' " 
V 26 ' 






~Ti 




— 





t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FNC and HKB packages. 

functional block diagram 



RAS CAS W 0E 

■ t t f t, 

I Timing and Control I 

I 



A0- 
A1 ■ 



A11 



t 



Column- 
Address 
Buffers* 



Row- 
Address 
Buffers 



JLL 



32 < 



Column Decode 



Sense Amplifiers 



256K Array 



256K Array 



256K Array 



256K Array 



256K Array 



256K Array 



in 



> 32 



I/O 
Buffers 
4 of 32 
Selection 



11 



Data- 
in 
Reg. 

Data- 
Out 
Reg. 



DQ1-DQ4 



* Column address 10 and column address 11 are not used. 
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operation 

enhanced page mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing 
random column addresses onto the chip. The time required to set up and strobe row addresses for the same 
page is el imina ted. The maximum number of columns that can be addressed is determined by tp^s* the 
maximum RAS low width. 

The column-address buffers in this C MOS device are activated on th e fall ing edge of RAS. They act as a 
transparent or flow-through latch while CAS is high. The falling edge of CAS latches the addresses into these 
buffers and also serves as an output enable. This feature allows the SMJ416400 to operate at a higher data 
bandwidth than c onven tional page-mode parts because retrieval begins as soon as the column address is valid, 
rather than when CAS transitions low. The performance improvement is referred to as enhanced page mode. 
Valid column address can be pr esent ed immediately after row address hold time has been satisfied, usuall y well 
in advance of the falling edge of CAS. In this case, data is obtained after tcAC maximum (access time from CAS 
low) if t£A maximum (access time from co lumn address) and tQEA have been satisfied. When the column 
address for the next cycle is valid at the time CAS goes high, access time is determined by the later occurrence 
oftcPAortcAC- 
address (AO- A11) 

Twenty-two address bits are required to decode 1 of 4 1 94304 storage-cell locations. Twelve row-a ddres s bits 
are set on inputs AO through A11 and latched onto the chip by the row-address strobe, RAS . Ten 
column-address bits are set on AO through A9 and latched onto the c hip by the column-address strobe, CAS. 
Row address A1 1 is required during a normal access and during RAS-only ref resh a s th e dev i ce re quires 4096 
refresh cycles. All addresses must be stable on or before the falling edges of R AS and CAS. RAS is similar to 
a chip enable in that it activates the sense amplifiers as well as the row decoder. CAS is used as a chip select, 
activating the output buffer, as well as latching the address bits into the column-address buffer. 

write enable (W) 

The read or write mode is selected through the write-enable (W) input. A logic high on W selects the read mode 
and a logic low selects the write mode. W can be driven from standard TTL circuits w ithou t a pullup resistor. 
The data input is disabled when the read mode is selected. When W goes low prior to CAS (early write), data 
out remains in the high-impedance state for the entire cycle permitting a write operation independent of the state 
of OE. This permits early-write operation to be completed with OE grounded. 

data-in/data-out (DQ1-DQ4) 

Data is written during a write or read-modify-write cycle. Depending on the mode of operation, th e failin g of CAS 
or W strobes d ata in to the on-chip data latch. In the early-write cycle, W is brought low prior to CAS and data 
is stro bed in by CAS with setup and hold times referenced to this signal. In a delayed write or read-modify-write 
cycle, CAS is already low; data is strobed in by W with setup and hold times referenced to this signal. 

The 3-state output buffer provides direct TTL compatibility (no pullup resi stor r equired) with a fanout of two 
series 54 TTL loads. The output is in the high-impedance (floating) state until CAS is brought low. In a read cycle, 
the o utput becomes valid at the latest occurrence of tRAC *AA. tCAC- or *CPA and remains valid while CAS is low. 
CAS going high returns it to the high-impedance state. In a delayed-write or read-modify-write cycle, the output 
does not change, but retains the state just read. 

output enable (OE) 

OE controls thejmpedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Brin ging O E lo w du ring a normal cycle activates the output buffers, putting them in the low-impedance 
state. Both RAS and CAS must be brought low for the output buffers to go into the low-impedance stat e. Onc e 
in the low-impedance state, the output buffers remain in the low-impedance state until either OE or CAS is 
brought high. 
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refresh 

A refresh operation must be performed at least once every 32 ms to retain data. This can be achieved by strobing 
e ach of the 4096 rows (A0-A11). A normal re ad or write cycle refreshes all bits in each row that is selected. 
A RAS-only operation can be used by holding CAS at a high (inactive) level, conserving power as the ou tput 
buffer remains in the high-impedance state. Extern ally ge nerated addresses must be used for a RAS -only 
refresh. Hidden refresh can be performed b y hold ing CAS at V||_ after a read ope ration and cycling RAS after 
the specified precharge period, similar to a RAS-only refresh cycle except with CAS held low. Valid data is 
maintained at the output throughout the hidden-refresh cycle. An internal-refresh address provides the refresh 
address during hidden refresh. 

CAS-before-RAS (CBR) refresh 

CBR refresh is utilized by bringing CAS low earlier than RAS (s ee pa rameter tcsR) and holding it l ow af ter RAS 
falls (see parameter tcHR)- For successive CBR refresh cycles, CAS can remain low while cycling RAS. For this 
mode of refresh, the external addresses are ignored and the refresh address is generated internally. 

power up 

To achieve proper device operation, an initial pause of 200 jxs followed by a minimum of eight initialization cycles 
i s requ ired after full Vqc ,eveJ is achieved. These eight initialization cycles need to include at least one refresh 
(RAS-only or CBR) cycle. 

absolute maximum ratings over operating free-air temperaturet 



Supply voltage range, Vqc — - 1 V to 7 V 

Voltage range on any pin (see Note 1 ) - 1 V to 7 V 

Short-circuit output current . 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, T^ - 55°C to 125°C 

Storage temperature range, T stg - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


V|H High-level input voltage 


2.4 6.5 


V 


V||_ Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


-55 125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'416400-70 


'416400-80 


'416400-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


Voh High-level output voltage 


'OH - - 5 mA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


lOL = 4 - 2 mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


V| = 0Vto6.5V, 

All others = 0V to Vqc 


±10 


±10 


±10 


HA 


Irj Output current (leakage) 


Vo = 0 VtoVcc. CAS high 


±10 


±10 


±10 


HA 


. Read- or write-cycle current 
'CC1 (see Note ) 


Vcc - 5.5 V, Minimum cycle 


80 


70 


60 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL), 
After 1 memory cycle, 
RAS and CAS high 


2 


2 


2 


mA 


Vm « Vcc ~ 005 v (CMOS), 
After 1 memory cycle, 
RAS and CAS high 


1 


1 


1 


mA 


. Average refresh current 
CC3 (RASonlyorCBR)t 


RAS cycling, 

CAS high (RAS only), 

RAS low after CAS low (CBR) 


80 


70 


60 


mA 


. Average page current 
'CC4 (see Note 4)t 


RAS low, CAS cycling 


65 


60 


55 


mA 


. Standby current 
'CC7 output enablet 


RAS = V| H , CAS = V| Ll 
Data out = enabled 


5 


5 


5 


mA 



t Minimum cycle, Vcc " 5-5 V 

NOTES: 3. Measured with a maximum of one address change while RAS - V||_ 



4. Measured with a maximum of one address change while CAS - Vih 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


MIN MAX 


UNIT 


Q(A) Input capacitance, AO- A11 * 


9 


PF 


c i(RC) Input capacitance, RAS and CAS* 


8 


PF 


Cj(OE) Input capacitance, DE * 


8 


PF 


Cj(w) Input capacitance, W* 


8 


PF 


C 0 Output capacitance 


14 


PF 



* Input capacitance for ZIP (SV suffix) package is 12 pF. 

NOTE 5: Capacitance is sampled only at initial design and after any major change. Samples are tested at 0 V and 25°C with a 1-MHz signal 



applied to the pin under test. All other pins are open. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 6) 



PARAMETER 


'416400-70 


'416400-80 


416400-10 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN MAY 


*AA 


Access time from column-address 


35 


40 


45 


ns 


tCAC 


Access time from CAS low 


18 


20 


25 


ns 


*CPA 


Access time from column precharge 


40 


46 


50 


ns 


tRAC 


Access time from RAS low 


70 


80 


100 


ns 


tOEA 


Access time from OE low 


18 


20 


25 


ns 


tOFF 


Output disable time after CAS high (see Note 7) 


0 


18 


0 


20 


0 25 


ns 


tOEZ 


Output disable time after OE high (see Note 7) 


0 


18 


0 


20 


0 25 


ns 



NOTES: 6. Valid data is presented at the outputs after all access times are satisfied b ut can go from the high-impedance state to an invalid-data 

state prior to the specified access times as the outputs are driven when CAS goes low. 

7. tQFF and *OEZ are specified when the outputs are no longer driven. The outputs are disabled by bringing either OE or CAS high. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'416400-70 


'416400-80 


'416400-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


toC Cycle time, random read or write (see Note 8) 


130 


150 


180 


ns 


tRWC Cycle time, read-write (see Note 8) 


181 


205 


245 


ns 


tpc Cycle time, page mode read or write (see Notes 8 and 9) 


45 


50 


55 


ns 


tPRWC Cvcle time < P a 9 e mode read-write (see Note 8) 


96 


105 


120 


ns 


tRASP Pulse duration, RAS low, page mode (see Note 1 0) 


70 100 000 


80 100 000 


100 100 000 


ns 


tRAS Pu,se duration, RAS low, nonpage mode (see Note 1 0) 


70 10 000 


80 10 000 


100 10 000 


ns 


tCAS Pulse duration, CAS low (see Note 11) 


18 10 000 


20 10 000 


25 10 000 


ns 


tcp Pulse duration, CAS high 


10 


10 


10 


ns 


tRp Pulse duration, RAS high (precharge) 


50 


60 


70 


ns 


twp Pulse duration, W low 


10 


10 


10 


ns 


*ASC Setup time, column address before CAS low 


0 


o 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tps Setup time, data (see Note 12) 


0 


0 


0 


ns 


tRCS Setup time, W high before CAS low 


0 


0 


0 


ns 


tcWL Setup time, W low before CAS high 


18 


20 


25 


ns 


tRWL Setup time, W low before RAS high 


18 


20 


25 


ns 


twCS Setup time, W low before CAS low (early-write operation only) 


0 


0 


0 


ns 


tyvRP Setup time, W high before RAS low (CBR refresh only) 


10 


10 


10 


ns 


tCAH Hold time, column address after CAS low 


15 


15 


15 


ns 


*DH Hold time, data (see Note 12) 


15 


15 


15 


ns 


tRAH Hold time - r <>w address after RAS low 


10 


10 


10 


ns 


tRCH Hold time, W high after CAS high (see Note 1 3) 


0 


0 


o 


ns 


tRRH Hold time, W high after RAS high (see Note 1 3) 


0 


0 


5 


ns 



NOTES: 8. All cycle times assume ty - 5 ns, referenced to V|H(min) and v IL(max)- 

9. To assure tpo min, tASC snou,a< De * *CP • 

10. In a read-write cycle, tRWD and *RWL must De observed. 

11. In a read-write cycle, tcyy p and tQWL must De observed. 

1 2. Referenced to the later of CAS or W in write operations 

1 3. Either tRRH or tRCH must be satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 





'416400-70 


'416400-80 


'416400-10 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


twCH Hold time, W low after CAS low (early-write operation only) 


15 


15 


15 


ns 


twRH Hold time, W high after RAS low (CBR refresh only) 


10 


10 




ns 


toEH Hold time, OE command 


18 


20 


25 


ns 


tROH Hold time, RAS referenced to 


10 


10 


10 


ns 


tRHCP Hold time, RAS high from CAS precharge 


40 


45 


50 


ns 


*AWD Delay time, column address to W low (read-write operation only) 


63 


70 


80 


ns 


tQHR Delay time, RAS low to CAS high (CBR refresh only) 


10 




20 


ns 


tcRP Delay time, CAS high to RAS low 


5 


5 


5 


ns 


tcSH Delay time, RAS low to CAS high 


70 


80 


100 


ns 


tQSR Delay time, CAS low to RAS low (CBR refresh only) 


5 


5 


10 


ns 


tcWD Delay time, CAS low to W low (read-write operation only) 


46 


50 


60 


ns 


tOED Delay time, OE to data 


18 


20 


25 


ns 


tRAD Delay time, RAS low to column address (see Note 1 4) 


15 35 


15 40 


15 55 


ns 


tRAL Delay time, column address to RAS high 


35 


40 


45 


ns 


l CAL Delay time, column address to CAS high 


35 


40 


45 


ns 


l RCD Delay time, RAS low to CAS low (see Note 14) 


20 52 


20 60 


20 75 


ns 


tRPC Delay time, RAS high to CAS low 


0 


0 


0 


ns 


tRSH Delay time, CAS low to RAS high 


18 


20 


25 


ns 


tRWD Delay time, RAS low to W low (read-write operation only) 


98 


110 


135 


ns 


tcPW Delay time, W low after CAS precharge (read-write operation only) 


63 


70 


80 


ns 


tREF Refresh time interval 


32 


32 


32 


ms 


tr Transition time (see Note 1 5) 











NOTES: 14. The maximum value is specified only to as sure a ccess time. 

1 5. Transition times (rise and fall) for RAS and CAS are to be a minimum of 3 ns and a maximum of 30 ns. 
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PARAMETER MEASUREMENT INFORMATION 

1.31V 5 V 



R L = 218fl 



Output Under Test ' 



C L »100pF ^ 
(see Note A) 



Output Under Test 



C L «100pF 
(see Note A) 



R1 » 828 Q 



R2 = 295fl 



(a) LOAD CIRCUIT 



(b) ALTERNATE LOAD CIRCUIT 



V| H /V 0 Hmln 

v IL/ v OL max 



VOLTAGE WAVEFORMS 



X 



NOTES: A. C(_ includes probe and fixture capacitance. 

B. Theactiming parameters are specified with reference to the minimum valid high-level voltage and the maximum valid 
low-level voltage for each signal, This corresponds to 2.4 V and 0.8 V for inputs; 2.4 V and 0.4 V for outputs with the 
given load circuit. 

Figure 1. Load Circuits and Voltage Waveforms 
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RAS 



CAS 



A0-A11 



DQ1-DQ4 



PARAMETER MEASUREMENT INFORMATION 

*RC * 




NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 2. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



N t RC H 




Figure 3. Early-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



-t RC - 



-*RAS- 



RAS 



1r 
IT 



tRCD 




tRSH" 



tCAS" 



CAS 



kf t A SR 

r | tAscH^- 



-tcSH' 



ft 



I 



p 



tRAL- 



T-*\ 



*RAH 

I 



tCAL- 



I I 



A0-A11 



Row 




*CAH 



Column 



' VAAAAAA/ 
Don't Care 

iAAAAAAA. 



tRAD 



tCWL — 
— tRWL " 



I I 



W 



\/\/\/\/\/\/ 
Don't Care 

iAAAAAAi 




-tRp- 



-tCRR- 



-tcp- 



Don't Care 

AAAAAAAi 



t D S 



k- 



-twp- 



DQ1-DQ4 



\/\/\/V A/\/\, 

Don't Care 



Valid Data 



tQED- 



\A A A A A A 

Don't Care 

AAAAAAA, 



-tOEH" 



\y\y\/\/\/\/\/ 
Don't Care 

/\/\/\/\/\/\/v 



VWWW 
Don't Care 

/VVVVVV\ 



OE 



Figure 4. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A11 



W 



DQ1-DQ4 




NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 5. Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




| |« tcAC- *J 

^ tAA— ►] 




t Access time is tcPA, tQAC or *AA dependent. 

NOTE A: Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A11 



W 



DQ1-DQ4 




OE 



V) Don't Car© (f 

Vwvvvvv 



VV> Don't Care <V> 

NAAAAAAAAAA 



NOTES: A. Referenced to CAS or W, whichever occurs last. 

B. A read cycle or a read-write cycle can be intermixed with a write cycle as long as read and read-write timing specifications are not 
violated. 

Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



CAS 



A0-A11 



W 



DQ1-DQ4 




61 

NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or write cycle can be intermixed with read-write cycles as long as the read and write timing specifications are not violated. 

Figure 8. Enhanced-Page-Mode Read-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

H *RC — 



tRAS 



RAS 



«crTu— y\* — t RP — 2v 



1 -J U-tr . ! 

— H 



vwww 




— 1 ' I 

tASR-J*— H ] 



ao-aii gQQQOQQOQ ^^^^ OQOQOQQQOQC Row Xv Don-tcan. <XX n ° w 



XA/ Don t Care \XX 
-jF VyyyyyyyyV V- 



/wwvw 

W 9WWWW^^ Don't Car. 

YYYYYY 



/vvvvvvv 

DQ1-DQ4 WWWWW^^ Don't Care 

./\/\/\/\/\/\/v 



/wvww 

61 WWWWWWQ^ Don't Care 

./\/\/\/\/\/\/ 



•tRP »j 



Figure 9. RAS-Only Refresh Timing 

tpc — 



RAS / ^ H /" 



! . l^-tCSR 



CAS 



W 




ywwvw 

A0-A11 <XXXXXXXXXXXXXXXXXXXXXXXX>0(XXX> Don't Care 

YV VVVVVV 



^666666666666666666666666666666T£S^^ 



DQ1 -DQ4 «-—-————— — — Hl-Z • 



Figure 10. Automatic-CBR-Refresh-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



U Memory Cycle ►( 



■ Refresh Cycle ►) 



tRP 



- Refresh Cycle p*j 



RAS 



4 tRAS 

I 



tRP 



i 1 i r« ► H-^as \ , i 



»CHR- 



CAS 



I I 
I I 
I I 



H h 



-tCASl 



H-t-tcAH 

, M Hf^ASC 
tRAH-j>IWH 1 | 1 

1 -*asr! 



I ♦ i I I 



A0-A11 




Row 



Col 



I I 
I I 

WWW 



K/WWWWW 

Don't Care 

iAAAAAA, 



tRRH 

*h tRCS 




I I 



I 



-|>| f*-tWRH 



W 



DQ1-DQ4 



*WRP 

I 
I 



-twRP j 



*WRH 

I 



*CAC-*| 



I 

-H-tAA 



r+- tRAC -*| 



tOFF-H In- 



valid Data Out 



OE 



|« ►f- tQEA 



k)E2 



U- 




Figure 11. Hidden-Refresh-Cycle (Read) Timing 
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PARAMETER MEASUREMENT INFORMATION 
• Refresh Cycle N 



Memory Cycle - 



RAS 



CAS 



I 



|4-tRAS-H P~ tRP " > | K-^AS"^ , 



-tRp- 



I 



Refresh Cycle - 



l n 



tCHR-U- 



«CAS- 



tCAH 



tRAH -Wkf ||l 

' I I j 

tASR | | { 



I I 
I I 
I I 



A0-A11 



W 



DQ1-DQ4 




KA A A A /WW 

Don't Care 

/VVVWV\ 



twcs 



t*[ f*-*WCH 



J k- 



~H — *DH 

I 



Valid Data 



WV A AAA A A, 

Don't Care 

/vywvvy 



\aaaaaaa; 
Don't Care 

VVVVVVVY 



OE 



Figure 12. Hidden-Refresh-Cycle (Write) Timing 
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Organization ... 1 048576 x 16 

Single 5-V Power Supply (±10% Tolerance) 

Performance Ranges: 

ACCESS ACCESS ACCESS 



XXX PACKAGE 



'41x160-60 
'41x160-70 
'41x160-80 



TIME 

tRAC 
MAX 
60 ns 
70 ns 
80 ns 



TIME 

*CAC 
MAX 
15 ns 
18 ns 
20 ns 



TIME 

tAA 
MAX 
30 ns 
35 ns 
40 ns 



READ OR 
WRITE 
CYCLE 

MIN 
110 ns 
130 ns 
150 ns 



Enhanced Page-Mode Operation for Faster 
Mem ory Access 

CAS-Before-RAS (CBR) Refresh 
Long Refresh Period 

- '416160 - 4096 Cycle Refresh in 32 ms 
(Max) 

- '418160 - 1024 Cycle Refresh in 8 ms 
(Max) 

3-State Unlatched Output 

Low Power Dissipation 

Operating Free-Air Temperature Range 

-55°C to125°C 
Texas Instruments Enhanced Performance 
Implanted CMOS (EPIC™) Process 
All Inputs/Outputs Are TTL Compatible 
Packaging 

50-Lead, 650-Mil-Wide Ceramic Flatpack 



description 



The SMJ41x160 series is a set of high-speed, 
16777216-bit dynamic random-access memo- 
ries organized as 1 048576 words of 1 6-bits each. 

They employ state-of-the-art EPIC™ technology 
for high performance, reliability, and low power at 
low cost. 

These devices feature maximum RAS access 
times of 60 ns, 70 ns, and 80 ns. All addresses and 
data-in lines are latched on-chip to simplify 
system design. Data out is unlatched to allow 
greater system flexibility. 

The SMJ41x160 series is offered in a 50-lead, 
650-mil-wide ceramic flatpack and is character- 
ized for operation from -55°C to 125°C. 



(TOP VIEW) 
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34 
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t A10 and A11 are NC for SMJ418160. 



PIN NOMENCLATURE 


A0-A11 


Address Inputs 


DQ0-DQ15 


Data In /Data Out 


LCAS 


Lower Column-Address Strobe 


UCAS 


Upper Column-Address Strobe 


NC 


No Internal Connection 


OE 


Output Enable 


RAS 


Row-Address Strobe 


vcc 


5-V Supply 


vss 


Ground 


W 


Write Enable 



EPIC is a trademark of Texas Instruments Incorporated. 

product preview information concerns products in the formative or - Copyright <D 1 995, Texas Instruments Incorporated 

design phase of development Characteristic data and other Wim 

rlfic&tions are deelgn goals. Texae Instruments reserves the right to wV& TVvA ST* 

ga or discontinue these products without notice. 1 C.XJ\ j 
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logic symbolt 
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28 



A6 
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t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and IEC Publication 61 7-1 2. 
*A10andA11 are NCfor SMJ418160. 
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'416160 functional block diagram 
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'418160 functional block diagram 
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operation 
dual CAS 

Two CAS terminals (LCAS and UCAS) are provided to giv e indep endent control of the 1 6 data-l/O terminals 
(DQ0-DQ1 5), with LCAS corresponding to DQ0-DQ7 and UC AS corresponding to DQ 8-DQ1 5. For read or 
write cycles, the column address is latched on the first xCAS falling edge. Each xCAS going lo w enab les its 
corresponding DQx pin with data associated with the column address latche d on the first falling xCAS edge. 
All address setup and hold parameters are referenced to the first falling xCAS edge.T he delay time from xCAS 
low to valid data out (see parameter tcAc) is measured from each individual xCAS to its corresponding DQx 
terminal. 

In order to latch in a new column address, both xC AS term inals must be brought high. The column-precharge 
time (see parameter tcp) is measured from the last xCAS rising edge to the first xCAS falling edge of the new 
cycle. Keepi ng a co lumn address valid whiletogglingxCA Srequir esaminimumsetuptime,tcLCH' Pur ' n g t CLCH> 
at least one xCAS must be brought low before the other xCAS is taken high. 

For early-write cycle s, the data is latched on the fir st xCAS falling edge. Only the DQs that have the 
corresponding xCAS low are written into. Each xCAS must m eet tpA S minimum in order to ensure writing 
into the storage cell. To latch a new address and new data, all xCAS terminals must be high and meet tcp. 

enhanced page mode 

Page-mode operation allows faster memory access by keeping the same row address while selecting random 
column addresses. The time for row-address setup and hold and address multipl ex is eliminated. The ma ximum 
number of columns that can be accessed i s dete rmined by the maximum RAS low time and the xCAS 
page-mode cycle time used. With minimum xCAS page-cycle time, all columns can be accessed without 
intervening RAS cycles. 

Unlike conve ntional page-mode DRAMs, the column-address buffers in t his dev ice are activated on the falling 
edg e of RA S. The buffers act as transparent or flow-through latches while xCAS is high. The falling edge of the 
first xCAS latches the column addresses. This feature allows the device to operate at a higher data bandwidth 
than conv entiona l page-mode parts because data retrieval begins as soon as the column address is valid rather 
than when xCAS transitions low. This performance improvement is referred to as enhanced page mode. A valid 
column address can be presented i mmed iately after tRAH (row-address hold time) has been satisfied, usually 
well in advance of the falling edge of xCAS. In this case, data is obtained after tcAC maximum (access time from 
xCAS low) if tAA maximum (access time from colum n addr ess) has been satisfied. In the event that column 
addresses for the next page cycle are valid at the time xCAS goe s high, minimum access time for the next cycle 
is determined by tcpA (access time from rising edge of the last xCAS). 

address: A0-A11 ('416160) and A0-A9 ('418160) 

Twenty address bits are required to decode one of the 1 048576 storage cell loca tions. For the SMJ416160, 
1 2 row-address bits are set up on AO through A1 1 and latched ont o the ch ip by RAS. Eight column-address bits 
are set up on AO through A7 and latched onto the chi p by th e first xCAS. For the SM J41 81 60, 1 0 row address 
bits are set up on A0-A9 and lat ched o nto the chip by RAS. Ten column address bits are set up on A 0-A9 and 
latched onto the chip by the first xCAS. All addresses must be stable on or before the falling edge of R AS and 
xCAS. RAS is similar to a chip enable in that it activates the sense amplifiers as well as the row decoder. xCAS 
is used as a chip select, activating its corresponding output buffer and latching the address bits into the 
column-address buffers. 

write enable (W) 

The read or write mode is selected through W. A logic high on W selects the read mode and a logic low s elects 
the write mode. The data inputs are disabled when the read mode is selected. When W goes low prior to xCAS 
(early write) , data out remains in the high-impedance state for the entire cycle, permitting a write operation with 
OE grounded. 
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data in (DQ0-DQ15) 

D ata is w ritten during a write or read-modify-write cycle. Depending on the mode of operation, the fallin g edge 
of xCAS or W strobes data into the o n-chip data latch. In an early-write cycle, W is brought low prior to xCAS 
and the data is strobed in by the first xCAS occur rence with setup and hold times referencedto this signal. In 
a delayed-write or read-modify-write cycle, xCAS is already low and the data is strobed in by W with setup and 
hold times referenced to this signal. In a delayed-write or read-modify-write cycle, OE must be high to bring the 
output buffers to the high-impedance state prior to impressing data on the I/O lines. 

dataout (DQ0-DQ15) 

Data out is the same polarity as data in. The output is in the high-impedance (floating) state until xCAS and OE 
are brought low. In a read cycle, the output becomes valid after the access time interval tcAC (which begins with 
the negative transition of xCAS) as long as X^q and t^ are satisfied. 

output enable (OE) 

OE controls the impedance of the output buffers. When OE is high, the buffers remain in the high-impedance 
state. Bringing OE low during a norma l cycl e activ ates the output buffers, putting them in the low-impedance 
state. It is necessary for both RAS and xCAS to be brought low for the outpu t buffe rs to go into the 
low-impedance state, and they remain in the low-impedance state until either OE or xCAS is brought high. 

RAS-only refresh '416160 

A refresh operation must be performed at least once every 32 ms to retain data. This can be achieved by strobing 

e ach o f the 4096 rows (A0-A11). A normal read o r write cycle refreshes all bits in each row that is selected. ^ 

A RAS-only operation can be used by holding both xCAS at the high (inactive) level, conserving power as the LU 

outpu t buffers remain in the high-L.^dance state. Externally generated addresses must be used for a QC 

RAS-only refresh. Q. 

RAS-only refresh '418160 H 

A refresh operation must be performed at least once every 8 ms to retain data. This can be achieved by strobing Ss^ 
each of the 1024 rows (A0-A9). A normal read or write cycle refreshes all bits in each row that is selected, A 
RAS-only operation can be used by holding both xCAS at the high (inactive) level, conserving power as the 
outpu t buffers remain in the high-impedance state. Externally generated addresses must be used for a 
RAS-only refresh. DC 

Q. 

hidden refresh 

Hidde n refresh can be performed while maintai ning v alid data at the output pin. This is accomplished by ho lding 
xCAS at V|l after a read operation and cycling RAS after a specified precharge period, similar to a RAS-only 
refresh cycle. The external address is ignored and the refresh address is generated internally. 



xCAS-before-RAS (xCBR) refresh 



xCBR refr esh is utilized by bringing at least one xCAS low earlier than RAS (see p arame ter tpsR) and holding 
it low a fter R AS falls (see parameter tcHR)- For successive xCBR refresh cycles, xCAS can remain low while 
cycling RAS. The external address is ignored and the refresh address is generated internally. 



power up 



To achieve proper device operation, an initial pause of 200 \is followed by a minimum of eight initialization cycles 
i s req uired after power up to the full Vfjc level. These eight initialization cycles must include at least one refresh 
(RAS-only or xCBR) cycle. 



UJ 



Q 
O 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Wqc- • • - 1 V to 7 V 

Voltage range on any pin (see Note 1): . ... - 1 Vto7 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, T>\ - 55°C to 125°C 

Storage temperature range, T s t g - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to Vss- 



recommended operating conditions 





MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage 


4.5 


5 


5.5 


V 


vss 


Supply voltage 


0 


V 


V|H 


High-level input voltage 


2.4 




6.5 


V 


V|L 


Low-level input voltage (see Note 2) 


-1 




0.8 


v 


TA 


Operating free-air temperature 


-55 




125 





NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



SMJ416160 



PARAMETER 


TEST CONDITIONSt 


'416160-60 


'416160-70 


'416160-80 


UNIT 


MIN MAY 
MIN MMA 


MIKI MAY 
Mini MMA 


MIM MAY 


v High-level output 
v OH voltage 


•OH - - 5 mA 


2.4 


2.4 


2.4 


V 


Vql Low-level output voltage 


lOL ■ 4 - 2 mA 


0.4 


0.4 


0.4 


V 


1 1 Input current (leakage) 


Vcc = 5-5V, V| = 0Vto6.5V, 
All others = 0VtoVcc 


±10 


±10 


±10 


UA 


lo Output current (leakage) 


Vcc^S-SV, Vo = OVtoVcc. 
xCAS high 


± 10 


± 10 


± 10 


\iA 


ICC1 ^ Read- or wrlte-cycle current 


Vcc ■ 5.5 v » Minimum cycle 


90 


80 


70 


mA 


ICC2 Standby current 


V|H = 2.4V(TTL), 
After one memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


V|H = Vcc -0.2 V (CMOS), 
After one memory cycle, 
RAS and xCAS high 


1 


1 


1 


mA 


. § Average refresh current 
,CC3 (RAS only refresh or CBR) 


VCC = 5.5 V, Minimum cycle, 

RAS cycling, 

xCAS high (RAS only), 

RAS low after xCAS low (CBR) 


90 


80 


70 


mA 


ICC4*^ Average page current 


Vcc * 5.5 V, tpc = MIN, 
RAS low, xCAS cycling 


90 


80 


70 


mA 


. Standby current, outputs 
,CC7 enabled 


RAS = V|H, xCAS = V||_, 
Data out = enabled 


5 


5 


5 


mA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

$ Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V|j_ 
^ Measured with a maximum of one address change while xCAS = Vm 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



SMJ418160 



PARAMETER 


TEST CONDITIONSt 


'418160-60 


'418160-70 


'418160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


v High-level output 
v OH voltage 


lOH s - 5 rnA 


2.4 


2.4 


2.4 


V 


Vol Low-level output voltage 


lOL 85 4.2 mA 


0.4 


0.4 


0.4 


V 


l| Input current (leakage) 


VcC s 5.5V, V| = 0Vto6.5V, 
All others sOV toVcc 


±10 


±10 


±10 


HA 


lo Output current (leakage) 


Vcc s 5.5V, Vo = 0VtoVcc. 
xCAShlgh 


± 10 


± 10 


±10 


uA 


'CC1 ^ Read- or wrlte-cycle current 


V CC - 5 - 5 v » Minimum cycle 


190 


180 


170 


mA 


'CC2 Standby current 


V|H = 2.4V(TTL), 
After one memory cycle, 
RAS and xCAS high 


2 


2 


2 


mA 


VlH^Vcc- 0.2 V (CMOS), 
After one memory cycle, 
RAS and xCAS high 


1 


1 


1 


mA 


. § Average refresh current 
' CC3 (RAS only refresh or CBR) 


V CC = 5 - 5 v » Minimum cycle, 

RAS cycling, 

xCAS high (RAS only), 

RAS low after xCAS low (CBR) 


190 


180 


170 


mA 


'CC4* 11 Average page current 


Vcc = 5.5V, tpc = MIN, 
RAS low, xCAS cycling 


190 


180 


170 


mA 


. +j Standby current, outputs 
' CC7 enabled 


RAS = V|H, xCAS=:V|L, 
Data out ~ enabled 


5 


5 


5 


mA 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

* Measured with outputs open 

§ Measured with a maximum of one address change while RAS = V||_ 
11 Measured with a maximum of one address change while xCAS = V)h 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 3) 



PARAMETER 


MIN MAX 


UNIT 


°i(A) 


Input capacitance, AO- A11 


10 


PF 


c KOE) 


Input capacitance, SI 


10 


PF 


Cj(RC) 


Input capacitance, xCAS and RAS 


10 


PF 


Ci(W) 


Input capacitance, W 


10 


PF 


Co 


Output capacitance 


10 


PF 



NOTE 3: Capacitance is sampled only at initial design and after any major changes. Samples are tested at 0 V and 25°C with a 1 -MHz signal 
applied to the pin under test. All other pins are open. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 4) 



PARAMETER 


41X1 60 -60 


MlvHCA "FA 

41 XI 60 -70 


'iMvlOA OA 

41X160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tAA Access time from column address 


30 


35 


40 


ns 


*CAC Access time from xCAS low 


15 


18 


20 


ns 


tcPA Access time from column precharge 


35 


40 


45 


ns 


*RAC Access time from RAS low 


60 


70 


80 


ns 


tOEA Access time from OE low 


15 


18 


20 


ns 


tQFF Output disable time after xCAS high (see Note 5) 


0 15 


0 18 


0 20 


ns 


tQEZ Output disable time after OE high (see Note 5) 


0 15 


0 18 


0 20 


ns 



NOTES: 4. Valid data is presented at the outputs after all access times are satisfied but can go from the high-impedance state to an invalid-data 

state prior to the specified access time as the outputs are driven when xCAS and OE are low. 

5. tQFF and tQEZ are specified when the output is no longer driven. The outputs are disabled by bringing either OE or xCAS high. 



timing requirements over recommended ranges of supply voltage and operating free-air 
temperature 





'41x160-60 


•41x160-70 


'41x160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tRC Cycle time, read (see Note 6) 


110 


130 


150 


ns 


twc Cycle time, write (see Note 6) 


110 


130 


150 


ns 


*RWC Cycle time, read-write (see Note 6) 


155 


181 


205 


ns 


tpo Cycle time, page-mode read or write (see Notes 6 and 7) 


40 


45 


50 


ns 


tpRWC Cycle time, page-mode read-write (see Note 6) 


85 


96 


105 


ns 


tRASP Pulse duration, RAS low, page mode (see Note 8) 


60 100 000 


70 100 000 


80 100 000 


ns 


tRAS Pulse duration, RAS low, nonpage mode (see Note 8) 


60 10 000 


70 10 000 


80 10 000 


ns 


tCAS Pu,se duration, xCAS low (see Note 9) 


15 10 000 


18 10 000 


20 10 000 


ns 


tRp Pulse duration, RAS high (precharge) 


40 


50 


60 


ns 


twp Pulse duration, W low 


10 


10 


10 


ns 


tASC Setup time, column address before xCAS low 


0 


0 


0 


ns 


*ASR Setup time, row address before RAS low 


0 


0 


0 


ns 


tps Setup time, data (see Note 10) 


0 


0 


0 


ns 


tRCS Setu P t,me . W high before xCAS low 


0 


0 


0 


ns 


tCWL Setup time, W low before xCAS high 


15 


18 


20 


ns 


tRWL Setup time, W low before RAS high 


15 


18 


20 


ns 


twCS Setup time, W low before xCAS low (early-write operation only) 


0 


0 


0 


ns 


*CAH Hold ti me » column address after xCAS low 


10 


15 


15 


ns 


*DH Hold time, data (see Note 1 0) 


10 


, 15 


15 


ns 


tRAH Hold time, row address after RAS low 


10 


10 


10 


ns 


tRCH Hold time > W high after xCAS high (see Note 1 1 ) 


0 


0 


0 


ns 


tRRH Hold time, W high after RAS high (see Note 1 1 ) 


0 


0 


0 


ns 


twCH Hold time, W low after xCAS low (early-write operation only) 


10 


15 


15 


ns 



NOTES: 6. All cycle times assume tj = 5 ns, referenced to Vm(min) and v IL(max) • 

7. To assure tpc min, tASC should be 2 to tcp . 

8. In a read-write cycle, tpvVD and tRWL must be observed. 

9. In a read-write cycle, tcwD and tCWL must 00 observed. 

1 0. Referenced to the later of xCAS or W in write operations 

1 1 . Either tppn or tpcH must De satisfied for a read cycle. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) 





'41x160-60 


•41x160-70 


'41x160-80 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


tCLCH Hold time, xCAS low to xCAS high 


5 


5 


5 


ns 


tRHCP Ho, d time, RAS high from xCAS precharge 


35 


40 


45 


ns 


tOEH Hold time, OE command 


15 


18 


20 


ns 


tROH Hold time, RAS referenced to OE 


10 


10 


10 


ns 


tcp Delay time, xCAS high (precharge) 


10 


10 


10 


ns 


*AWD Delay time, column address to W low (read-write operation only) 


55 


63 


70 


ns 


l CHR Dela y time, RAS low to xCAS high (CBR refresh only) 


10 


10 


10 


ns 


tQRp Delay time, xCAS high to RAS low 


5 


5 


5 


ns 


tcSH Delay time, RAS low to xCAS high 


60 


70 


80 


ns 


*CSR Delay time, xCAS low to RAS low (CBR refresh only) 


5 


5 


5 


ns 


tQWD Delay time, xCAS low to W low (read-write operation only) 


40 


46 


50 


ns 


tOED Delay time, Of to data 


15 


18 


20 


ns 


tRAD Delay time, RAS low to column address (see Note 1 2) 


15 30 


15 35 


15 40 


ns 


tRAL Delay time, column address to RAS high 


30 


35 


40 


ns 


tCAL Delay time, column address to xCAS high 


30 


35 


40 


ns 


tRCD Delay time, RAS low to xCAS low (see Note 1 2) 


20 45 


20 52 


20 60 


ns 


tRpc Delay time, RAS high to xCAS low 


0 


0 


0 


ns 


tRSH Delay time, xCAS low to RAS high 


15 


18 


20 


ns 


tRWD De'sy time, RAS low to W low (read-write operation only) 


85 


98 


110 


ns 


tQPW Delay time, W low after xCAS precharge (read-write operation only) 


60 


68 


75 


ns 


tREF Refresh time interval 


'416160 


32 


32 


32 


ms 


'418160 


8 


8 


8 


tf Transition time (see Note 13) 











NOTES: 12. The maximum value is specified only to assure access time. 

1 3. Transition times (rise and fall) should be a minimum of 3 ns and a maximum of 30 ns. 
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PARAMETER MEASUREMENT INFORMATION 

1.31V 5 V 



R L = 218Q 



Output Under Test - 



CL = 100pF ^ 
(see Note A) 



(a) LOAD CIRCUIT 



Output Under Test - 



C L = 100 pF 
(see Note A) 



R1 » 828ft 



-±- > R2»295Q 



(b) ALTERNATE LOAD CIRCUIT 



vih/vohmin-^ 

V|L/VqlMAX 



Z3C 



X 



(c) VOLTAGE WAVEFORMS 



NOTES: A. C|_ includes probe and fixture capacitance. 

B. The ac timing parameters are specified with reference to the minimum valid high-level voltage 
and the maximum valid low-level voltage for each signal. This corresponds to 2.4 V and 0.8 V 
for inputs; 2.4 V and 0.4 V for outputs with the given load circuit. 



Figure 1. Load Circuits and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 




NOTES: A. To hold the address latc hed by the first xCAS going low, the parameter tcLCH must 06 met - 

B. tcAC is measured from xCAS to its corresponding DQx. 

C. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

D. xCAS order is arbitrary. 

Figure 2. Read-Cycle Timing 
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RAS 



Ocas 



lcas 



Address 



W 



DQ0-DQ15 



OE 



PARAMETER MEASUREMENT INFORMATION 

-twc- 




Column 



1 i 



VWWW 

Don't Care 

AAAAAAA, 




■ *RAD ' 



tCAH 
t C WL- 



" tRWL " 



Don't Care 

AAAAAAA. 




VWWW 
Don't Care 

AAAAAAAi 




vwww 
Don't Care 

/\/\/\/\/\/\/v 



I 



-twp- 

tDH- 



I (see Note B) I 



Valid Data In 



! M- 




Don't Care 

/\/\/\/\/\/\/\, 



tps ( see Note B ) 



- tQED " 



■ tQEH - 




Don't Care 

/\/\/\/\/\/\/\ 



NOTES: A. To hold the address lat ched b y the first xCAS going low, the parameter tcLCH must be met - 

B. Refere nced to the first xCAS or W, whichever occurs last 

C. xCAS order is arbitrary. 

Figure 3. Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 




1 tcLCH H«-*J 



(see Note A) 




NOTES: A. To hol d the address latched by the first xCAS going low, the parameter tQLCH must De met - 
B. xCAS order is arbitrary. 

Figure 4. Early-Write-Cycle Timing 
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RAS 



UCAS 



PARAMETER MEASUREMENT INFORMATION 

tpwc 



4 


tRAS 


» 


»— ' . I 



LCAS 



Address 



W 



DQ8-DQ15 




Of 



DQ0-DQ7 

NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH must be met - 

B. Output can go from the high-im pedance state to an invalid-data state prior to the specified access time. 
C tpAC ls measured from xCAS to its corresponding DQx. 
D. xCAS order is arbitrary. 



Figure 5. Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



tRP 



RAS 



UCAS 



It 



■ tRASP " 




k-tRCD-^l 



*CRP 



I 



— 

1 ' J I 



*RHCP 



I tCLCH -k- 

I (see Note A) 



tRSH 



- *CSH -j- 
*CAS ^4 
J-U I 



-H ! 



-tpc- 



|4-tCP-*| 



LCAS 



Address 



|« *r-t A SR 



tRAH 



IT 
I I 
I I 



! WJ- t A SC 
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— H I 
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i4-£h-t R RH 
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(see Note B) I 

tAA ►! 



■ tRCH »l 

" TODon't^ 



DQ8-DQ15 



DQ0-DQ7 




NOTES: A. To hold the address latc hed by the first xCAS going low, the parameter tpLCH must be met. 

B - *CAC is measured from xCAS to its corresponding DQx. 

C. Access time is tQPA or *AA dependent. 

D. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

E. A write cycle or read-modify-write cycle can be mixed with the read cycles as long as the write- and read-modify-write-timing 
specifi cations are not violated. 

F. xCAS order is arbitrary. 

Figure 6. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



UCAS 



1st 



" tRASP " 



■ tRSH " 



tRP-* * 



\ 



-tRCD- 



— tcLCH 

(see Note A) 



" tRHCP 
tpc 



LCAS 



H — Mhr *ASR 
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-^.U-tRAH 



Address 



Row 



- tcsH * r 

j t C AS jj ^"" 



tcp 



'I 



|#— t C RP -n 



tCAH I 



tCAL- 



tRAD- 



See Note B 
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_ UlAAAAAAAA | 
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kAAAAAAA/ 
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/VVVVVVY 
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•i i 
-*! 



.aaaaaaa; 
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' tCWL " 



I 
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-*| *WCH 



' tRWL " 




.AAAAAAA/ 

Don't Care 

\/\/\/\/\/\/\/\, 



VAAAAAAA, 

Don't Care 



Valid In 



- tpH ■ 




AAAAAA/W 

Don't Care 

\/\/\/\/\/\/\/\, 



See Note B 



Valid In 




Valid In 



,AAAAAAA/ 

Don't Care 

rvvvvvvv 



tQED 



NOTES: A. To hold the address lat ched b y the first xCAS going low, the parameter tcLCH must be met - 

B. Referenced to the first xCAS or W, whichever occurs last 

C. A read cycle or read-modify-write cycle can be mixed with the write cycles as long as the read- and read-modify-write-timing 
specifi cations are not violated. 

D. xCAS order is arbitrary. 



Figure 7. Enhanced-Page-Mode Write-Cycle Timing 
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RAS 



UCAS 



LCAS 



Address 



W 



DQ0-DQ15 



OE 



PARAMETER MEASUREMENT INFORMATION 

- tRASP ■ 




NOTES: A. To hold the address latched by the first xCAS going low, the parameter tcLCH mus * 06 me *- 

B. Access time is tQPA or t/w dependent. 

C. Outpu t can go from the high-impedance state to an invalid-data state prior to the specified access time. 

D. xCAS order is arbitrary. 

E. A read or write cycle can be intermixed with read-modify-write cycles as long as the read- and write-cycle timing specifications are 
not violated. 

F. tcAC is measured from xCAS to its corresponding DQx. 

Figure 8. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 
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Address 
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Don't Care ; 
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w 



DQ0-DQ15 



OE 



NOTE A: All xCAS must be high. 
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Figure 9. RAS-Only Refresh-Cycle Timing 
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Iras 
ras 



PARAMETER MEASUREMENT INFORMATION 
- Refresh Cycle - 
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Figure 10. Hidden-Refresh-Cycle Timing 
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RAS 



xCAS 



PARAMETER MEASUREMENT INFORMATION 

r« t RC 
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I 
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i I | 

, f*-tCSR-»| 
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■ *CHR " 
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if 
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/VVVVVV\i 
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OE 



DQ0-DQ15 
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NOTE A: Any xCAS can be used. 



Figure 11. Automatic-xCBR-Refresh-Cycle Timing 
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TIME 
ROW 
ADDRESS 
(MAX) 
ta(R) 

'44C251B-10 100 ns 
•44C251B-12 120 ns 



Military Operating Temperature Range 

-55°Cto125°C 
Performance Ranges: 

ACCESS ACCESS ACCESS ACCESS 
TIME TIME TIME 

COLUMN SERIAL SERIAL 

ENABLE DATA ENABLE 
(MAX) (MAX) (MAX) 

ta(C) t a (SQ) tySE) 
25 ns 30 ns 20 ns 
30 ns 35 ns 25 ns 

• Class B High-Reliability Processing 

• DRAM: 262144 Words x 4 Bits 
SAM: 512 Words x 4 Bits 

• Single 5-V Power Supply (±10% Tolerance) 

• Dual Port Accessibility-Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Bidirectional-Data-Transfer Function 
Between the DRAM and the Serial-Data 
Register 

• 4 x 4 Block-Write Feature for Fast Area Fill 
Operations; As Many as Four Memory 
Address Locations Written per Cycle From 
an On-Chfp Color Register 

• Write-Per-Bit Feature for Selective Write to 
Each RAM I/O; Two Write-Per-Bit Modes to 
Simplify System Design 

description 

The SMJ44C251B multiport video RAM is a 
high-speed, dual-ported memory device. It 
consists of a dynamic random-access memory 
(DRAM) organized as 262144 words of 4 bits 
each interfaced to a serial-data register or 
serial-access memory (SAM) organized as 512 
words of 4 bits each. The SMJ44C251 B supports 
three types of operation: random access to and 
from the DRAM, serial access to and from the 
serial register, and bidirectional transfer of data 
between any row in the DRAM and the serial 
register. Except during transfer operations, the 
SMJ44C251B can be accessed simultaneously 
and asynchronously from the DRAM and SAM ports. During a transfer operation, the 51 2 columns of the DRAM 
are connected to the 51 2 positions in the serial data register. The 51 2 x 4-bit serial-data register can be loaded 
from the memory row (transfer read) , or the contents of the 51 2 x 4-bit serial-data register can be written to the 
memory row (transfer write). 



• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and Hidden 
Refresh Modes 

• All Inputs/Outputs and Clocks Are TTL 
Compatible 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 33-MHz Uninterrupted Serial-Data 
Streams 

• 3-State Serial l/Os Allow Easy Multiplexing 
of Video-Data Streams 

• 512 Selectable Serial-Register Starting 
Locations 

• Texas Instruments EPIC™ Process 

• Packaging: 

- 28-Pin J-Leaded Ceramic Chip Carrier 
Package (H J Suffix) 

- 28-Pin Leadless Ceramic Chip Carrier 
Package (HM Suffix) 

- 28-Pin Ceramic Sidebrazed DIP 
(JD Suffix) 

- 28-Pin Zig-Zag In-Line (ZIP), Ceramic 
Package (SV Suffix) 

• Spilt Serial-Data Register for Simplified 
Real-Time Register Reload 



PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CAS 


Column Enable 


DQ0-DQ3 


DRAM Data In-Out/Write-Mask Bit 


SE 


Serial Enable 


RAS 


Row Enable 


SC 


Serial Data Clock 


SDQ0-SDQ3 


Serial Data In-Out 


TRQ 


Transfer Register/Q Output Enable 


W 


Write-Mask Select/Write Enable 


DSF 


Special Function Select 


QSF 


Split-Register Activity Status 


vcc 


5-V Supply 


vss 


Ground 


GND 


Ground (Important: Not connected 




to internal Vss) 



EPIC is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information Is currant as of publication date. Copyright© 1995, Texas Instruments Incorporated 

Products conform to specifications per the terms of Texas Instruments Warn 
standard warranty. Production processing does not necessarily Include TOEXAS 
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pinouts 



HJ PACKAGE 
(TOP VIEW) 

T7 



HM PACKAGE 
(TOP VIEW) 




JD PACKAGE 
(TOP VIEW) 

1. U2Bp' 




SV PACKAGE 
(TOP VIEW) 



DSF ] 1 ° 
DQ3 3 3 
SDQ2 3 5 
V SS H 7 
SDQO 3 9 
TRG 3 11 
DQ1 3 13 
GND 3 15 
A8 3 17 
A5 3 19 
V CC 3 21 
A3 3 23 
A1 3 25 
QSF 3 27 



2 




DQ2 


4 




SE 


6 




SDQ3 


8 




SC 


10 




SDQ1 


12 




DQO 


14 




W 


16 




RAS 


18 




A8 


20 




A4 


22 




A7 


24 




A2 


26 




AO 


28 




CAS 



description (continued) 

The SMJ44C251 B is equipped with several features designed to provide higher system-level bandwidth and 
to simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates 
can be achieved by the device's 4 x 4 block-write mode. The block-write mode allows four bits of data (present 
in an on-chip color-data register) to be written to any combination of fou r adjacent column-address locations. 
As many as 16 bits' of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking any combination of the four input/outputs on any write cycle. 
The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent write 
cycles. The mask register eliminates having to provide mask data on every mask-write cycle. 

The SMJ44C251 B offers a split-register transfer read (DRAM to SAM) feature for the serial tester (SAM port). 
This feature enables real-time register reload implementation for truly continuous serial data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register reload (for example, reloads done during CRT retrace periods), the single-register mode of operation 
is retained to simplify design. The SAM can also be configured in input mode, accepting serial data from an 
external device. Once the serial register within the SAM is loaded, its contents can be transferred to the 
corresponding column positions in any row in memory in a single memory cycle. 

The SAM port is designed for maximum performance. Data can be input to or accessed from the SAM at serial 
rates up to 33 MHz. During the split-register mode of operation, internal circuitry detects when the last bit 
position is accessed from the active half of the register and immediately transfers control to the opposite half. 
A separate output, QSF, is included to indicate which half of the serial register is active at any given time in the 
split-register mode. 

All inputs, outputs, and clock signals on the SMJ44C251 B are compatible with Series 54 TTL devices. All 
address lines and data-in lines are latched on-chip to simplify system design. All data-out lines are unlatched 
to allow greater system flexibility. 
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description (continued) 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. The time for row-address setup, row-address hold, and address multip lex is 
eliminated, and a memory cycle time reduction of up to 3x can be achieved, compared to minim um RAS cycle 
times. The maximum number of columns that can be accessed is determined by the maximum RAS low time 
and page-mode cycle time used. The SMJ44C251 B allows a full p age (512 cycles) of information to be 
accessed in read, write, or read-modify-write mode during a single RAS-low period using relatively conservative 
page-mode cycle times. 

The SMJ44C251B employs state-of-the-art Texas Instruments EPIC™ scaled CMOS, double-level 
polysilicon/polycide gate technology for very high performance combined with improved reliability. For surface 
mount technology, the SMJ44C251 B is offered in a 28-pin J-leaded chip carrier package (HJ suffix) or a 28-pin 
leadless ceramic chip carrier package (HM suffix). The SMJ44C251 B is offered in a 28-pin 400-mil dual-in-line 
ceramic sidebrazed package (JD suffix) or a 28-pin ZIP ceramic package (SV suffix) for through-hole insertion. 
The L suffix device is rated for operation from 0°C to 70°C. The M suffix device is rated for operation from - 55°C 
to125°C. 

The SM J44C251 B and other multiport video RAMs are supported by a broad line of video/graphic processors 
from Texas Instruments, including the SMJ34010 and the SMJ34020 graphics processors. 



functional block diagram 
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Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ3 


TYPEt 


CAS 


TRG 


W* 


DSF 


SE 


DSF 


RAS 


CAS 


RAS 


CAS§ 

w 


CBR refresh 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


R 


Register-to-memory transfer 
(transfer write) 


H 


L 


L 


X 


L 


X 


Row 
Addr 


.Tap 
Point 


X 


X 


T 


Alternate transfer write 
(independent of SE) 


H 


L 


L 


H 


X 


X 


Row 
Addr 


Tap 
Point 


X 


X 


T 


Serial-write-mode enable 
(pseudo-transfer write) 


H 


L 


L 


L 


H 


X 


Refresh 
Addr 


Tap 
Point 


X 


X 


T 


Memory-to-register transfer 
(transfer read) 


H 


L 


H 


L 


X 


X 


Row 
Addr 


Tap 
Point 


X 


X 


T 


Split-register-transfer read 
(must reload tap) 


H 


L 


H 


H 


X 


X 


Row 
Addr 


Tap 
Point 


X 


X 


T 


Load and use write mask, 
Write data to DRAM 


H 


H 


L 


L 


X 


L 


Row 
Addr 


Col 
Addr 


DQ 
Mask 


Valid 
Data 


R 


Load and use write mask, 
Block write to DRAM 


H 


H 


L 


L 


X 


H 


Row 
Addr 


BlkAddr 
A2-A8 


DQ 
Mask 


Col 
Mask 


R 


Persistent write-per-bit, 
Write data to DRAM 


H 


H 


L 


H 


X 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


R 


Persistent write-per-bit, 
Block write to DRAM 


H 


H 


L 


H 


X 


H 


Row 
Addr 


BlkAddr 
A2-A8 


X 


Col 
Mask 


R 


Normal DRAM read/write 
(nonmasked) 


H 


H 


H 


L 


X 


L 


Row 
Addr 


Col 
Addr 


x 


Valid 
Data 


R 


Block write to DRAM 
(nonmasked) 


H 


H 


H 


L 


X 


H 


Row 
Addr 


BlkAddr 
A2-A8 


X 


Col 
Mask 


R 


Load write mask 


H 


H 


H 


H 


X 


L 


Refresh 
Addr 


X 


X 


DQ 
Mask 


R 


Load color register 


H 


H 


H 


H 


X 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


R 



Legend: 
H = High 
L = Low 
X a Don't care 

t R = random access operation; T = transfer operation 

* In persistent write-per-bit function, W must be hig h during the refresh cycle. 

§ DQ0-DQ3 are latched on the later of W or CAS falling edge. 

Col Mask = H: Write to address/column location enabled 

DQ Mask * H: Write to I/O enabled 
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operation 

Depending on the type of operation chosen, the signals of the SM J44C251 B perform different functions. Table 1 
summarizes the signal descriptions and the operational modes they control. 



Table 1. Detailed Signal Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


SAM 


A0-A8 


Row, column address 


Row, tap address 




CAS 


Column enable, output enable 


Tap-address strobe 




UUI 


uham data i/u, write masK Dits 






uor 


DiocK-wnt© onauie 
Persistent wrlte-per-bit enable 
Color-register load enable 


Split-register enable 
Alternate write-transfer enable 




RAS 


Row enable 


Row enable 




SE 




Serial-in mode enable 


Serial enable 


sc 






Serial clock 


SDQ 






Serial-data I/O 


TRG 


Q output enable 


Transfer enable 




W 


Write enable, write-per-bit select 


Transfer-write enable 




QSF 






Split register 
Active status 


NC/GND 


Make no external connection or tie to system Vss- 






vcc 


5-V supply (typical) 






vss 


Device ground 







The SMJ44C251 B has three kinds of operations: random-access operations typical of a DRAM, transfer 
operations from memory arrays to the SAM, and serial-access operations through the SAM port. The signals 
used to control these operations are described here, followed by discussions of the operations themselves. 



address (A0-A8) 

For DRAM operation, 18 address bits are required to decode one of the 262144 storage cell loc ations . Nine 
row-address bits are set up on A0-A8 and latched onto the chip on the falling e dge of RAS. Nine 
column-address bits are set up on A0-A8 and l atched ont o the chip on the falling edge of CAS. All addresses 
must be stable on or before the falling edges of RAS and CAS. 

During the transfer operation, the states of A0-A8 are latched on the falling edge of RAS to select one of the 
51 2 rows where the transfer occurs. To select one of 51 2 tap points (starting p ositio ns) for the serial-data input 
or output, the appropriate 9-bit column address (A0-A8) must be valid when CAS falls. 

row-address strobe (RAS) 

R AS is simila r to a chip enable because all DRAM cycles and transfer cycles are initia ted by the falling edge 
of RAS. RAS is a control input that latches the states of row address, W, TRG, SE, CAS, and DSF onto the chip 
to invoke DRAM and transfer functions. 

column-address strobe (CAS) 

CAS i s a con trol input that latches the states of column address and DSF to control DRAM and transfer functions. 
Whe n CAS is brought low during a transfer cycle, it latches the new tap point for the serial-data input or output. 
CAS also acts as an output enable for the DRAM outputs DQ0-DQ3. 
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output enable/transfer select (TRG) 

TRG selects either DRAM or transf er ope ration as RAS falls. For DRAM operation, TRG must be held high as 
RAS falls. During DRAM operation, TRG functions as an o utput enable for the DRAM outputs DQ0-DQ3. For 
transfer operation, TRG must be brought low before RAS falls. 

write-mask select, write enable (W) 

In DRAM operation, W enables data to be writte n to the DRAM. W is also used to select the DRAM write-per-bit 
mode. Holding W low on the falling edge of RAS invokes the write-per-bit operation. The SM J44C251 B supports 
both the normal write-per-bit mode and the persistent write-per-bit mode. 

For transfer operation, W selects either a read-transfer op eratio n (DRAM to SAM) or a write-transfer operation 
(SAM to DRAM). During a transfer cycle, if W is high when RAS falls, a read transfer occurs; if W is low, a write 
transfer occurs. 

special function select (DSF) 

DSF is latched on the falling edge of RAS or CAS, similar to an address. DSF determines which of the following 
functions are invoked on a particular cycle: 

• Persistent write-per-bit 

• Block write 

• Split-register transfer read 

• Mask-register load for the persistent write-per-bit mode 

• Color-register load for the block-write mode 

DRAM data I/O, write-mask data (DQ0-DQ3) 

DRAM data is writte n via DQ terminals during a write or rea d-modify-write cycle. In an early-write cycle, W is 
brought low prior to CAS and the data is strobed in byCAS with data setup and hold times referenced to this 
signal. In a delayed-write or read-modify-write cycle, W is brought low after CAS and the data is strobed in by 
W with data setup and hold times referenced to this signal. 

The 3-state DQ output buffers provide direct TTL compatibility (no pullup resistors) with a fanout of two Series 
54 TTL lo ads. D ata out is the same polarity as data in. The outputs are in the high- imped an ce (flo ating) state 
as long as CAS and TRG are held high. Data does not a ppear at th e outp uts until both C AS an d TRG are brought 
low. Once the outputs are valid, they remain valid while CAS and TRG are low. CAS or TRG going high returns 
the outputs to the high-impedance state. In a register-transfer operation, the DQ outputs remain in the 
high-impedance state for the entire cycle. 

The write-per-bit mask is latched into the device via the random DQ terminals by the falling edge of RAS. This 
mask selects which of the four random l/Os are written. 

serial data I/O (SDQ0-SDQ3) 

Serial inputs and serial outputs share common I/O terminals. Serial-input or serial-output mode is determined 
by the previous transfer cycle. If the previous transfer cycle was a read transfer, the data register is in 
serial-output mode. While in serial-output mode, data in SAM is accessed from the least significant bit to the 
most significant bit. The data registers operate modulo 51 2; so after bit 51 1 is accessed, the next bits to be 
accessed are 00, 01 , 02, etc. If the previous transfer cycle was either a write transfer or a pseudo transfer, the 
data register is in serial-input mode and signal data can be input to the register. 

serial clock (SC) 

Serial data is accessed in or out of the data register on the rising edge of SC. The SMJ44C251 B is designed 
to work with a wide range of clock-duty cycles to simplify system design. There is no refresh requirement 
because the data registers that comprise the SAM are static. There is also no minimum SC clock operating 
frequency. 
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serial enable (SE) 

During serial- acces s operations SE is used as an enable/disable for SDQ in both the input and output modes. 
If SE is held as RAS falls during a write-transfer cycle, a pseudo-transfer write occurs. There is no actual transfer, 
but the data register switches from the output mode to the input mode. 

no connect/ground (NC/GND) 

NC/GND is reserved for the manufacturer's test operation. It is an input and should be tied to system ground 
or left floating for proper device operation. 

special function output (QSF) 

During split-register operation the QSF output indicates which half of the SAM is being accessed. When QSF 
is low, the serial-address pointer is accessing the lower (least significant) 256 bits of SAM. When QSF is high, 
the serial-address pointer is accessing the higher (most significant) 256 bits of SAM. QSF changes state upon 
crossing the boundary between the two SAM halves in the split-register mode. 

During normal transfer operations QSF changes state upon completing a transfer cycle. This state is determined 
by the tap point being loaded during the transfer cycle. 

power up 

To achi eve pr oper device operation, an initial pause of 200 \is is required after power-up, followed by a minimum 
of eight RAS cycles or eight CBR cycles, a memory-to-register transfer cycle, and two SC cycles. 
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random-access operation 

The random-access operation functions are summarized in Table 2 and described in the following sections. 



Table 2. Random-Access-Operation Functions 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ3 


CAS 


IRQ 


W 1 


net 
Dor 


CB 
OC 


DSF 


D AC 


CAS 


D AC 


CAS* 
W 


CBR refresh 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


Load and use write mask, 
Write data to DRAM 


H 


H 


L 


L 


X 


L 


Row 
Addr 


Col 
Addr 


DQ 
Mask 


Valid 
Data 


Load and use write mask, 
Block write to DRAM 


H 


H 


L 


L 


X 


H 


Row 
Addr 


BlkAddr 
A2-A8 


DQ 
Mask 


Col 
Mask 


Persistent write-per-bit, 
Write data to DRAM 


H 


H 


L 


H 


X 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


Persistent write-per-bit, 
Block write to DRAM 


H 


H 


L 


H 


X 


H 


Row 
Addr 


BlkAddr 
A2-A8 


X 


Col 
Mask 


Normal DRAM read /write 
(nonmasked) 


H 


H 


H 


L 


X 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


Block write to DRAM 
(nonmasked) 


H 


H 


H 


L 


X 


H 


Row 
Addr 


BlkAddr 
A2-A8 


x 


Col 
Mask 


Load write mask 


H 


H 


H 


H 


X 


L 


Refresh 
Addr 


X 


X 


DQ 
Mask 


Load color register 


H 


H 


H 


H 


X 


H , 


Refresh 
Addr 


X 


X 


Color 
Data 



Legend: 
H * High 
L ■ Low 

X - Don't care _ 

t In persistent write-per-bit function, W must be hig h during the refresh cycle. 
* DQ0-DQ3 are latched on the later of W or CAS falling edge. 
Col Mask « H: Write to address/column location enabled 
DQ Mask = H: Write to I/O enabled 

enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. This mod e eliminates the time required for row address setup-and-hold and 
address multiplex. The maximum RAS low time and the CAS page cycle time used determine the number of 
columns that can be accessed. 

Unlike conventional page-mode operation, the enhanced page mode allows the SMJ44C251 B to operat e at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be prese nted i mmediately after row-address hold time has been 
satisfied, usually well in advance of the falling edge of CAS. In this case, data can be obtained after t a (C) max 
(access time from CAS low), if t a (CA) max (access time from column address) has been satisfied. 

refresh 

There are three types of refresh available on the SMJ44C251 B: RAS-only refresh, CBR refresh, and hidden 
refresh. 
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RAS-only refresh 

A refresh operation must be performed to each row at least once e very 8 ms to retain data. Unless CAS is 
applied, the output buffers are in the high-impedance state, so the RAS-on ly ref resh sequence avoids any 
output during refresh. External ly gen erated addresses must be supplied during RAS-o nly refresh. Strobing each 
of the 51 2 row addresses with RAS causes all bits in each row to be refreshed. CAS can remain high (inactive) 
for this refresh sequence to conserve power. 

CAS-before-RAS (CBR) refresh 

CBR refresh is accomplished by bringing CAS low earlier than RAS. The external row address is ignored and 
the refresh row address is generated internally when using CBR refresh. Other cycles can be performed in 
between CBR cycles without disturbing the internal address generation. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM-read cycle and cycling RAS. The output data 
of the DRAM-read cycle remains valid while the refresh is being carried out. Like the CBR refresh, the refreshed 
row addresses are generated internally during the hidden refresh. 

write-per-bit 

The write-per-bit feature allows masking of any combination of the four DQs on any write c ycle (see Figure 1 ) . 
The write-per-bit o perat ion is invoked only when W is held low on the falling edge of RAS. If W is held high on 
the falling edge of RAS, write-per-bit is not enabled and the write operation is performed to all four DQs. The 
SMJ44C251B offers two write-per-bit modes: the nonpersistent write-per-bit mode and the persistent 
write-per-bit mode. 

nonpersistent write-per-bit 

When DSF is low on the falling edge of RAS, the write mask is reloaded. A 4-bit code (the write-per-bit mask) 
is input to the device via the random DQ terminals and latched on the falling edge of RA S. The write-per-bit mask 
selects which of the four random l/Os are written and which are not. After RAS has latched the on-ch ip 
write-per-bit mask, input data is driven onto the DQ terminals and is l atched on the later falling edge of CAS or 
W. When a data low is strobed into a particular I/O on the falling ed ge of RAS, data is not written to that I/O. When 
a data high is strobed into a particular I/O on the falling edge of RAS, data is written to that I/O. 

persistent write-per-bit 

When DSF is high on the falling edge of RAS, the write-per-bit mask is not reloaded: it retains the value stored 
during the last write-per-bit mask reload. This mode of operation is known as persistent write-per-bit because 
the write-per-bit mask is persistent over an arbitrary number of write cycles. The write-per-bit mask reload can 
be done during the nonpersistent write-per-bit cycle or by the mask-register-load cycle. 
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Nonperslstant Wrlte-Per-BIt 



RAS 



CAS | 



A0-A8 



Wrlte-Mask-Register Load 



\ r 



Persistent Wrlte-Per-Bit 



^ n 




DQ Mask 



H: Write to I/O enabled 
L: Write to I/O disabled 



Figure 1. Example of Wrlte-Per-Bit Operations 

block write 

The block-write mode allows data (present In an on-chip color register) to be written Into four consecutive 
column-address locations. The 4-bit color register is loaded by the color-register-load cycle. Both write-per-bit 
modes can be applied in the block-write cycle. The block-write mode also offers the 4x4 column-mask 
capability. 

load color register 

The load-color-registe r cyc le is perfo rmed using normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS and CAS. A 4-bit c ode is input to the color register via the random I/O terminals and 
latched on the later of the falling edge of CAS or W. After the color register is loaded, it retains data until power 
is lost or until another load-color-register cycle is executed. 

block write cycle 

After the color register is l oaded , the block-write cycle can begin as a normal DRAM write cycle with DSF held 
high on the falling edge of CAS (see Figures 2, 3, and 4). When the block-write cycle is invoked, each data bit 
in the 4-bit color register is written to selected bits of the four adjacent columns of the corresponding random 
I/O. 

During block- write cycles, only the seven most significant column addresses (A2-A8) are latched on the falling 
edge of CAS. The two least significant addresse s (A0 -A1) are replaced by four DQ bits (DQ0-DQ3), which 
are also latched on the later of the falling edge of CAS or W. These four bits are used as a column mask, and 
they indicate which of the four column-address locations addressed by A2-A8 are written with the contents of 
the color register during the block-write cycle. DQ0 enables a write to column-address A1 =0 (low) , AO = 0 (low) ; 
DQ1 enables a write to column-address A1 = 0 (low), AO = 1 (high); DQ2 enables a write to column-address 
A1 = 1 (high), AO = 0 (low); DQ3 enables a write to column-address A1 = 1 (high), AO = 1 (high). A high logic 
level enables a write, and a low logic level disables the write. A maximum of 16 bits (4 x 4) can be written to 
memory during each CAS cycle in the block-write mode. 
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Load-Color-Register Cycle 



?iA§r 



y 



^ r 



Block-Write Cyclot 
(no DQ mask) 



■\ r 



Block-Write Cyclet 
(load and use Da mask) 



r 



A0-A8 



TRG 



DQ0-DQ3 

t W must be low during the block-write cycle. _ 

NOTE: DQ0-DQ3 are latched on the later of W or CAS falling edge except in block 6 (see legend). 
Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2 -A8) 

4. Color-register data 

5. Column-mask data 

6. DQ-mask data. DQ0-DQ3 are latched on the falling edge of RAS. 
\- don't care 

Figure 2. Example Block-Write Diagram Operations 



Block-Write Cyclet 
(use previously 
loaded DQ mask) 



A 
A 



wt|^7 m mm, ^m, jmm, H $ 



N + 1 



DQ >- 

Load , 
Color >H 
Register 



Load Write 
Mask 

I 



l/OO 




Wrlte-Mask 
Register 



Write 
Enable 



Color 




Register 





Block-Write 
Enable 




LData 

rwiux 



















> 









Write 
Select 



Write 
Select 



Write 
Select 



Write 
Select 



MUX 



MUX 



MUX 



MUX 



DQO 



DQ1 



-DQ2 



-DQ3 



Figure 3. Block-Write Circuit Block Diagram 
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DQ MASK 


COLUMN 
MASK 


COLOR 
REGISTER 
DATA 


DQO 


1 


0 


0 


DQ1 


1 


1 


0 


DQ2 


0 


1 


1 


DQ3 


1 


1 


1 



Block Write 





COLUMN 1 


COLUMN 2 


COLUMN 3 


COLUMN 4 


DQO 


Masked 


0 


0 


0 


DQ1 


Masked 


0 


0 


0 


DQ2 


Masked 


Masked 


Masked 


Masked 


DQ3 


Masked 


1 


1 


1 



Figure 4. Example of Block Write Operation With DQ Mask and Address Mask 
transfer operation 

Trans fer operati ons b etween the memory arrays (DRAM) and the data registers (SAM) are invoked by bri nging 
TRG low before RAS falls. The states of W, SE, and DSF, which are also latched on the falling edge of RAS, 
determine which transfer operation is invoked. Figure 5 shows an overview of data flow between the random 
and the serial interfaces. 



Random-Access Port 



Col 
0 



Col 
255 



Row 
0 



Row 
511 



Col 
256 



Col 
511 



Memory Array 
262 144 Bits 



TRG- ► 

A8 ► 

DSF ► 

W ► 

Si- ► 



Transfer- 
Control 
Logic 



» DQ0-DQ3 



256 



Transfer- 
Pass 
Gate 



256 



Transfer- 
Pass 
Gate 



256 



256 



-*~ \ 256-BltDataReglste7"| r+* \ 256- Bit Data Register | 



SC- 
A0-A8- 
A8- 

SDQ0-SDQ3 ■ 



Serial 
Counter 



MUX 



SE ► 

TRG ► 

W ► 



Serial - 

I/O 
Control 



Figure 5. Block Diagram Showing One Random and One Serial-I/O Interface 
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As shown in Table 3, the SMJ44C251 B supports five basic modes of transfer operation: 

• Register-to-memory transfer (normal write transfer, SAM to DRAM) 

• Alternate-write transfer (independent of the state of SE) 

• Memory-to-register transfer (pseudo-transfer write). Switches serial port from serial-out mode to serial-in 
mode. No actual data transfer takes place between the DRAM and the SAM. 

• Memory-to-register transfer (normal-read transfer, transfer entire contents of DRAM row to SAM) 

• Split-register-read transfer (divides the SAM into a low and a high half. Only one half is transferred to the 
SAM while the other half is read from the serial I/O port.) 



Table 3. Transfer-Operation Functions 



FUNCTION 


RASFALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ3 


CAS 


TRG 


w 


DSF 


SE 


DSF 


RAS 


CAS 


RAS 


CAS 

w 


Register-to-memory transfer 
(normal write transfer) 


H 


L 


L 


X 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


Alternate-write transfer 
(independent of SE) 


H 


L 


L 


H 


X 


X 


Row 
Addr 


Tap 
Point 


X 


X 


Serial-write-mode enable 
(pseudo-transfer write) 


H 


L 


L 


L 


H 


X 


Refresh 
Addr 


Tap 
Point 


X 


X 


Memory-to-register transfer 
(normal read transfer) 


H 


L 


H 


L 


X 


X 


Row 
Addr 


Tap 
Point 


X 


X 


Split-register-read transfer 
(must reload tap) 


H 


L 


H 


H 


X 


X 


Row 
Addr 


Tap 
Point 


X 


X 



Legend: 
H = High 
L* Low 
X ■ Don't care 



write transfer 

All write-transfer cycles (except the pseudo write transfer) transfer the ent ire co ntent of SAM to the selected row 
in the DRAM. To invoke a write-transfer cycle, W must be low when RAS falls. There are three possible 
write-transfer operations: normal-write transfer, alternate-write transfer, and pseudo-write transfer. 

All write-transfer cycles switch the serial port to the serial-in mode. 

normal-write transfer (SAM-to-DRAM transfer) 

A nor mal-write transfer cycle loads the contents of the serial-data reg ister t o a selected row in the memory array. 
TRG, W, and SE are brought low and la tched at the falling edge of RAS. Nine row-address bits (A0-A8) are 
also latched at the falling edge of RAS to select one of the 512 rows available as the destination of the data 
transfer. The nine column-address bits (A0-A8) are latched at the falling edge of CAS to select one of the 51 2 
tap points in SAM that are available for the next serial input. 

During a write-transfer operation before RAS falls, the serial-input operation must be su spend ed after a 
minimum delay of td(scRL) DUt can be resumed after a minimum delay of td(RHSC) after goes high 
(see Figure 6). 
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normal-write transfer (SAM-to-DRAM transfer) (continued) 




Figure 6. Normal-Wrlte-Transfer-Cycle Timing 

alternate-write transfer (refer to Figure 30) 

When DSF is brought high and latched at the falling edge of RAS in the normal-write-transfer cycle, the 
alternate-write transfer occurs. 

pseudo-write transfer (wrlte-mode control) (refer to Figure 28) 

T o invo ke the pseudo-write transfer (write-mode control cycle) , SE is brought high and latched at the falling edge 
of RAS. The pseudo-write transfer does not actually invoke any data transfer but switches the mode of the serial 
port from the serial-out (read) mode to the serial-in (write) mode. 

Before serial data can be clocked into the serial port via the SDQ terminals and the SC input, the SDQ terminals 
must be switched into input mode. Because the transfer does not occur during the pseudo-transfer write, the 
row add ress (A0-A8) is in the don't care state and the column address (AO- A8) , which is latched on the falling 
edge of CAS, selects one of the 51 2 tap points in the SAM that are available for the next serial input. 

read transfer (DRAM-to-SAM transfer) (refer to Figure 7) 

During a read-transfer cycle, data from the selected row in DRAM is transferred to SAM. There are two 
read-transfer operations: normal-read transfer and split-register-read transfer. 

normal-read transfer (refer to Figure 7) 

The normal-read-transfer op eratio n loads data from a selected row in DRAM into SAM. TRG is brought lo w and 
latched at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS 
to select one o f the 51 2 rows available for transfer. The nine column-address bits (A0-A8) are latched at the 
falling edge of CAS to select one of the SAM's 512 available tap points where the serial data is read out. 

A normal-read transfer can be performed in three ways: early-load read transfer, real-tim e or m idline-load read 
transfer, and late-load read transfer. Each of these offers the flexibility of controlling the TRG trailing edge in 
the read-transfer cycle (see Figure 7). 



^ Texas 
Instruments 

8-1 58 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44C251B 

262144 BY 4-BIT MULTIPORT VIDEO RAM 



SGMS058A- MARCH 1995 - REVISED JUNE 1995 



normal-read transfer (continued) 



I Early-Load Read Transfer I Real-Time-Reload Read Transfer I Late-Load Read Transfer I 



A0-A8 



TRG 



RAS 



CAS 



SC 




Figure 7. Normal-Read-Transfer Timings 



spllt-reglster-read transfer 

In split-register-read-transfer operation, the serial-data register is split into halves. The low half contains bits 
0-255, and the high half contains 256-51 1 . While one half is being read out of the SAM port, the other half can 
be loaded from the memory array. 

To invoke a split-re giste r read-transfer cycle, DSF is brought high, TRG is brought low, and both are la tched at 
the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS to select 
one of t he 512 rows available for the transfer. The nine column-address bits (A0-A8) are latched at the falling 
edge of CAS, where address bits AO - A7 select one of the 255 tap points in the specified half of SAM and 
address bit A8 selects which half is to be transferred. If A8 is a logic low, the low half is transferred. If A8 is a 
logic high, the high half is transferred. SAM locations 255 and 511 cannot be used as tap points. 

A normal-read transfer must precede the split-register-read transfer to ensure proper operation. After the 
normal-read-transfer cycle, the first split-register read transfer can follow immediately without any minimum SC 
requirement. However, there is a minimum requirement of a rising edge of SC between split-register 
read-transfer cycles. 

QSF indicates which half of the SAM is being accessed during serial-access operation. When QSF is low, the 
serial-address pointer is accessing the lower (least significant) 256 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most significant) 256 bits of the SAM. QSF changes state upon completing a 
normai-read-transfer cycle. The tap point loaded during the current transfer cycle determines the state of QSF. 
In split-register read-transfer mode, QSF changes state when a boundary between the two register halves is 
reached (see Figure 12 and Figure 13). 
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split-register-read transfer (continued) 



RAS 



Read Transfer 
With Tap Point N 



Split-Register 
Read Transfer 



y 



CAS 



TRG 



DSF 



SC 



\ r 



■ *d(CLQSF) 



*d(GHQSF) 



Tap 
Point N 



Figure 8. Example of a Split-Register Read-Transfer Cycle After a Normal Read-Transfer Cycle 



RAS 



CAS 



TRG 



DSF 



SC 



QSF 



Split-Register 
Read Transfer 
With Tap Point N 



r 



Split-Register 
Read Transfer 



V 



a r 



td(RHMS) -U— M f ^ td < MSRL > 




Figure 9. A Split-Register Read-Transfer Cycle After a Split-Register Read-Transfer Cycle 
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serial-access operation 

The serial-read and serial-write operations can be performed through the SAM port simultaneously and 
asynchronously with DRAM operations except during transfer operations. The preceding transfer operation 
determines the input or output state of the SAM port. If the preceding transfer operation is a read-transfer 
operation, the SAM port is in the output mode. If the preceding transfer operation is a write- or 
pseudo-write-transfer operation, the SAM port is in the input mode. 

Serial data can be read out of or written into SAM by clocking SC starting at the tap point loaded by the preceding 
transfer cycle, proceeding sequentially to the most significant bit (bit 511), then wrapping around to the least 
significant bit (bit 0) (see Figure 10). 



|— H 0 I 1 



n 



• • • 510 511 



Figure 10. Serial Pointer Direction for Serial Read/Write 



For split-register read-transfer operation, serial data can be read out from the active half of SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle, then proceeding sequentially 
to the most significant bit of the half, bit 255 or bit 51 1 . If there is a split-register-read transfer to the inactive half 
during this period, the serial pointer points next to the tap-point location loaded by that split register (see 
Figure 1 5, Case I), if there is no split-register read transfer to the inactive half during this period, the serial pointer 
points next to bit 256 or bit 0, respectively (see Figure 1 5, Case II). 

Case I 





i + 




I 0 


• • • 




254 


255 | | 256 


• • • 


Tap 




510 


511 | 



Case 1 1 



Figure 11. Serial Pointer for Split-Register Read 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)+ 



Supply voltage range, Vcc (see Note 1) , . -1 V to 7 V 

Voltage range on any pin (see Note 1) -1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1 W 

Operating free-air temperature range, T^: L suffix 0°C to 70°C 

Msuffix -55°Cto125°C 

Storage temperature range, T stg - 65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to V$s- 



recommended operating conditions 







MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage 




4.5 


5 


5.5 


V 


vss 


Supply voltage 




0 


V 


V|H 


High-level input voltage 




2.9 




6.5 


V 


V|L 


Low-level input voltage (see Note 2) 




-1 




0.6 


V 


ta 


Operating free-air temperature 


L suffix 


0 




70 


°c 


Msuffix 


-55 




125 


TC 


Operating case temperature 


L suffix 


70 


°c 


M suffix 


125 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


v OH High-level output voltage 


lOH = -5 mA 


2.4 


V 


Vql Low-level output voltage (see Note ) 


lOL = 4 -2 mA 


0.4 


V 


l| Input leakage current 


Vcc = 5V, V| = 0Vto5.8V, 
All others open 


±10 


MA 


Iq Output leakage current (see Note 4) 


Vqg - 5.5 V, Vq - 0 V to Vqc 


±10 


liA 



PARAMETER (SEE NOTE 5) 


TEST CONDITIONS^ 


SAM 


'44C251B-10 


•44C251B-12 


UNIT 


PORT 


MIN MAX 


MIN MAX 


»CC1 


Operating current 


tcfrdjandtcfw^MIN 


Standby 


100 


90 




'CC1A 


Operating current 


tc(sc) = MIN 


Active 


110 


100 




•CG2 


Standby current 


All clocks * Vcc 


Standby 


15 


15 




•CC2A 


Standby current 




Active 


35 


35 




ICC3 


RAS-only refresh current 


tc(rd) and tc(W) » MIN 


Standby 


100 


90 




'CC3A 


RAS-only refresh current 


tc(SQ = MIN 


Active 


110 


100 


mA 


ICC4 


Page-mode current 


tc( P ) = MIN 


Standby 


65 


60 


•CC4A 


Page-mode current 




Active 


70 


65 




'CC5 


CAS-before-RAS current 


tc(rd) and tc(W) = MIN 


Standby 


90 


80 




•CC5A 


CAS-before-RAS current 


tc(SC) = MIN 


Active 


110 


100 




ICG6 


Data-transfer current 


tc(rd) and tc(w) = MIN 


Standby 


100 


90 




'CC6A 


Data-transfer current 


tc(sc) = MIN 


Active 


110 


100 





t For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 

NOTES: 3. The SMJ44C251B may exhibit simultaneous switching noise as described in the Texas Instruments Advanced CMOS Logic 



Designer's Handbook. This phenomenon is exhibited on the DQ terminals when the SDQ terminals are switched and on the SDQ 
terminals when the DQ terminals are switched. This may cause Vol and v OH to exceed the data-book limit for a short period of time, 
depending upon output loading and temperature. Care should be taken to provide proper termination, decoupling, and layout of the 
device to minimize simultaneous switching effects. 

4. SE is disabled for SDQ output leakage tests. 

5. Iqc (standby) denotes that the SAM port is inactive (standby) and the DRAM port is active (except for lcC2)- 
•CCA (active) denotes that the SAM port is active and the DRAM port is active (except for lcC2)- 

ICC is measured with no load on DQ or SDQ. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN MAX 


UNIT 


Cj(A) Input capacitance, A0-A8 


7 


PF 


c i(RC) Input capacitance, CAS and RAS 


7 


PF 


C 0 (0) Output capacitance, SDQs and DQs 


9 


PF 


C 0 (QSF) Output capacitance, QSF 


9 


PF 



NOTE 6: Capacitance is sampled only at initial design and after any major change. Samples are tested at 0 V and 25°C with a 1-MHz signal 
applied to the terminal under test. All other terminals are open. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 



PARAMETER 


TEST 


ALT. 


'44C251BV10 


'44C251B-12 


UNIT 


CONDITIONS t 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


l a(C) 


Access time from CAS 


td(RLCL) 58 MAX 


tCAC 


25 


30 


ns 


ta(CA) 


Access time from column address 


td(RLCL) - MAX 


tAA 


50 


60 


ns 


ta(CP) 


Access time from CAS high 


td(RLCL) - MAX 


tCPA 


55 


65 


ns 


ta(R) 


Access time from RAS 


td(RLCL) = MAX 


tRAC 


100 


120 


ns 


*a(G) 


Access time of DQO - DQ3 from TRG low 




tOEA 


25 


30 


ns 


*a(SQ) 


Access time of SDQ0-SDQ3 from SC high 


Cl = 30 pF 


tSCA 


30 


35 


ns 


WSE) 


Access time of SDQ0-SDQ3 from SE low 


Cl = 30 pF 


tSEA 


20 


25 


ns 


tdis(CH) 


Disable time, random output from CAS high 
(see Note 8) 


CL=100pF 


tOFF 


0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from TRG high 
(see Note 8) 


CL=100pF 


tOEZ 


0 


20 


0 


20 


ns 


*dis(SE) 


Disable time, serial output from SE high 
(see Note 8) 


CL = 30pF 


tSEZ 


0 


20 


0 


20 


ns 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
NOTES: 7. Switching times assume C|_ - 1 00 pF unless otherwise noted (see Figure 12). 



8 - *dis(CH)» tdis(G)« and klis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





ALT. 
SYMBOL 


'44C251B-10 


■44C251B-12 


UNIT 


MIN MAX 


MIN MAX 


tc(rd) Cycle time, read (see Note 9) 


tRC 


190 


220 


ns 


tc( w) Cycle time, write (see Note 9) 


*WC 


190 


220 


ns 


tc(rdW) Cycle time, read-modify-write (see Note 9) 


tRMW 


250 


290 


ns 


typ) Cycle time, page-mode read or write (see Note 9) 


tpc 


60 


70 


ns 


tc(rdWP) Cycle time, page-mode read-modify-write (see Note 9) 


tpRMW 


105 


125 


ns 


tyTRD) Cycle time, read transfer (see Note 9) 


tRC 


190 


220 


ns 


tc(TW) Cycle time, write transfer (see Note 9) 


twc 


190 


220 


ns 


tc(SC) Cvc,e time » serial c,ock (see No tes 9 and 1 0) 


tscc 


30 


35 


ns 


MCH) Pulse duration, CAS high 


tCPN 


20 


30 


ns 


*w(CL) Pu,se duration , CAS low (see Note 1 1 ) 


tCAS 


25 75000 


30 75000 


ns 


MRH) Pulse duration, RAS high 


tRP 


80 


90 


ns 


*w(RL) Pulse duration, RAS low (see Note 1 2) 


tRAS 


100 75000 


120 75000 


ns 


W WD Pulse duration, W low 


twp 


25 


25 


ns 


*w(TRG) Pulse duration, TRG low 




25 


30 


ns 


*w(SCH) Pu,se duration, SC high 


tsc 


10 


12 


ns 


*w(SCU Pu,se duration, SC low 


tSCP 


10 


12 


ns 


*w(SEL) Pulse duration, SE low 


tSE 


35 


40 


ns 


V(SEH) Pu 'se duration, SE high 


tSEP 


35 


40 


ns 


*w(GH) Pulse duration, TRG high 


trp 


30 


30 


ns 


MRL)P Pulse duration, RAS low (page mode) 




100 75000 


120 75000 


ns 


*su(CA) Setup time, column address 


tASC 


0 


0 


ns 


WSFC) Setup time, DSF before CAS low 


tFSC 


0 


0 


ns 


t su(RA) Setup time, row address 


tASR 


0 


0 


ns 


*su(WMR) Setup time, W before RAS low 


tWSR 


0 


0 


ns 


t su (DQR) Setup time, DQ before RAS low 


*MS 


0 


0 


ns 


tsu(TRG) Setup time, TRG before RAS low 


tTHS 


0 


0 


ns 


*su (SE) Setu P time . SE before RAS low (see Note 1 3) 


tESR 


0 


0 


ns 


tsu(SESC) Setup time, serial write disable 


tswis 


10 


15 


ns 


*su(SFR) Setup time, DSF before RAS low 


tFSR 


0 


0 


ns 


t S u(DCL) Setup time, data before CAS low 


tDSC 


0 


0 


ns 


tsu(DWL) Setup time, data before W low 


tDSW 


0 


0 


ns 


t su(rd) Setup time, read command 


tRCS 


0 


0 


ns 


*su( WCL) Setup time, early write command before CAS low 


twcs 


0 


0 


ns 



t Timing measurements are referenced to V|l max and Vih min. 
NOTES: 9. All cycle times assume tt = 5 ns. 



10. When the odd tap is used (tap address can be 0-511 , and odd taps are 1 , 3, 5, etc.). the cycle time for SC in the first serial data 
out cycle needs to be 70 ns minimum. 

11. In a read- modif y-write cycle, t<j(CLVVL) and t su( WCH) must be observed. Depending on the user's transition times, this may require 
additional CAS low time [t w (CL)l- 

12. In a read- modif y-write cycle, td(RLWL) and t su( WRH) must be observed. Depending on the user's transition times, this may require 
additional RAS low time [t w (Rg] 

13. Register-to-memory (write) transfer cycles only 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 







ALT. 


'44C251B-10 


'44C251B-12 


UNIT 






SYMBOL 


MIN MAX 


MIN MAX 


tsu(WCH) 


Setup time, write before CAS high 


tCWL 


25 


30 


ns 


*su(WRH) 


Setup time, write before RAS high with TRG • W ■ low 


*RWL 


25 


30 


ns 


tsu(SDS) 


Setup time, SDQ before SC high 


tSDS 


0 


0 


ns 


*h(CLCA) 


Hold time, column address after CAS low 


tCAH 


20 


20 


ns 


th(SFC) 


Hold time, DSF after CAS low 


tCFH 


20 


20 


ns 


th(RA) 


Hold time, row address after RAS low 


tRAH 


15 


15 


ns 


thfTRG) 


Hold time, TRG after RAS low 


tTLH 


15 


15 


ns 


th(SE) 


Hold time, SE after RAS low with TRG = W = low (see Note 1 3) 


tREH 


15 


15 


ns 


th(RWM) 


Hold time, write mask, transfer enable after RAS low 


tRWH 


15 


15 


ns 


th(RDQ) 


Hold time, DQ after RAS low (write-mask operation) 


*MH 


15 


15 


ns 


th(SFR) 


Hold time, DSF after RAS low 


*RFH 


15 


15 


ns 


th(RLCA) 


Hold time, column address after RAS low (see Note 14) 


tAR 


45 


45 


ns 


th(CLD) 


Hold time, data after CAS low 


tDH 


20 


25 


ns 


th(RLD) 


Hold time, data after RAS low (see Note 1 4) 


*DHR 


45 


50 


ns 


th(WLD) 


Hold time, data after W low 


tDH 


20 


25 


ns 


th(CHrd) 


Hold time, read after CAS high (see Note 15) 


tRCH 


0 


0 


ns 


th(RHrd) 


Hold time, read after RAS high (see Note 1 5) 


tRRH 


10 


10 


ns 


th(CLW) 


Hold time, write after CAS low 


tWCH 


30 


35 


ns 


th(RLW) 


Hold time, write after RAS low (see Note 14) 


tWCR 


50 


55 


ns 


*h{WLG) 


Hold time, TRG after W low (see Note 1 6) 


*OEH 


25 


30 


ns 


th(SDS) 


Hold time, SDQ after SC high 


tSDH 


5 


5 


ns 


th(SHSQ) 


Hold time, SDQ after SC high 


tSOH 


5 


5 


ns 


th(RSF) 


Hold time, DSF after RAS low 


tFHR 


45 


45 


ns 


th(SCSE) 


Hold time, serial-write disable 


tSWIH 


20 


20 


ns 


td(RLCH) 


Delay time, RAS low to CAS high 


tCSH 


100 


120 


ns 


td(CHRL) 


Delay time, CAS high to RAS low 


tCRP 


0 


0 


ns 


td(CLRH) 


Delay time, CAS low to RAS high 


tRSH 


25 


30 


ns 


td(CLWL) 


Delay time, CAS low to W low (see Notes 1 7 and ) 


tCWD 


55 


65 


ns 


td(RLCL) 


Delay time, RAS low to CAS low (see Note 1 9) 


tRCD 


25 75 


25 90 


ns 


td(CARH) 


Delay time, column address to RAS high 


*RAL 


50 


60 


ns 


td(RLWL) 


Delay time, RAS low to W low (see Note 1 7) 


tRWD 


130 


155 


ns 


td(CAWL) 


Delay time, column address to W low (see Note 1 7) 


tAWD 


85 


100 


ns 



t Timing measurements are referenced to V|l max and V|h min. 



NOTES: 13. Register-to-memory (write) transfer cycles only 

1 4. The minimum value is measured when td(RLCL) is set to ^(RLCL) min 38 a reference. 

1 5. Either th(RHrd) or t(CHrd) must be satisfied for a read cycle. 

1 6. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

17. Read -modify-write operation only 

1 8. TRG must disable the output buffers prior to ap plying data to the DQ terminals. 

19. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 







ALT. 


'44C251B-10 


'44C251B-12 


UNIT 






SYMBOL 


MIN MAX 


MIN MAX 




Delay time, RAS low to CAS high (see Note 20) 


tCHR 


25 


25 


ns 


XfifCA Rl ^RF 


Delay time, CAS low to RAS low (see Note 20) 


tQSR 


10 


10 


ns 


tri^RHHI NRF 


Delay time, RAS high to CAS low (see Note 20) 


tppc 


10 


10 


ns 


td(CLGH) 


Delay time, CAS low to TRG high for DRAM read cycles 




25 


30 


ns 


td(GHD) 


ueiay lime, i riva mgn Deiore uaia applied ai uu 


tOED 


OK 


ou 


ns 


ki(RLTH) 


ueiay ume, nno low io i riva nign ireai-iinie-reioaa reao-iransTer cyci© 
only) 


*RTH 


90 


95 


ns 


tdfRI Ql-n 


Delay time, RAS low to first SC high after TRG high (see Note 21) 


tRSD 


130 


140 


ns 


tdfCLSI-n 


Delay time, CAS low to first SC high after TRG high (see Note 21) 


tcSD 


40 


45 


ns 


tdfSCTR^ 


Delay time, SC high to TRG high (see Notes 21 and 22) 


tfSL 


15 


20 


ns 


tdfTHRH) 


Delay time, TRG high to RAS high (see Notes 22 and 23) 


tTRD 


-10 


-10 


ns 


td(SCRL) 


Delay time, SC high to RAS low with TRG * W = low 
(see Notes 1 3 and 26) 


tSRS 


10 


20 


ns 




Delay time, SC high to SE high in serial-input mode 




20 


20 


ns 


td(RHSC) 


Delay time, RAS high to SC high (see Note 13) 


tSRD 


25 


30 


ns 


klfTHRL) 


Delay time, TRG high to RAS low (see Note 22) 


*TRP 


*w(RH) 


*w(RH) 


ns 


tdfTHSC) 


ueiay ume, i no nign io ou nign (see Noies cc) 


tTSD 


oo 


Art 


ns 


kl(SESC) 


ueiay ume, oc low io ol» nign (see ixoie cx>) 


tsws 


IU 


•i c 
1 o 


ns 


kl(RHMS) 


ueiay iim©, hmo nign to lasi \mosi signiTicani/ rising eago oi oeiore 
boundary switch during split-register read-transfer cycles 




15 


20 


ns 


td(CLGH) 


Delay time, CAS low to TRG high in real-time read-transfer cycles 


tCTH 


5 


5 


ns 


*d(CASH) 


Delay time, column address to first SC in early-load read-transfer cycles 


*ASD 


45 


50 


ns 


tyCAGH) 


Delay time, column address to TRG high in real-time read-transfer 
cycles 


tATH 


10 


10 


ns 


*d(RLCA) 


Delay time, RAS low to column address 


tRAD 


15 50 


15 60 


ns 


td(DCL) 


Delay time, data to CAS low 


*dzc 


0 


0 


ns 


td(DGL) 


Delay time, data to TRG low 


tDZO 


0 


0 


ns 


td(RLSD) 


Delay time, RAS low to serial-input data 


*SDD 


50 


50 


ns 


td(GLRH) 


Delay time, TRG low to RAS high 


tROH 


25 


30 


ns 



t Timing measurements are referenced to V|i_ max and Vih min. 



NOTES: 13. Register-to-memory (write) transfer cycles only 

1 9. The m aximu m va lue is specified only to assure RAS access time. 

20. CAS-before-RAS refresh operation only 

21. Early-load read-transfer cycle only 

22. Real-time-reload read-transfer cycle only 

23. Late-load read-transfer cycle only 

24. Memory-to-register (read) and register-to-memory (write) transfer cycles only 

25. Serial data-in cycles only 

26. In a read-transfer cycle, the state of SC when RAS falls is a don't care condition. However, t o ass ure proper sequencing of the internal 
clock circuitry, there can be no positive transitions of SC for at least 1 0 ns prior to when RAS goes low. 

27. In a memory-to-register (read) transfer cycle, td(scRL) applies only when the SAM was previously in serial-input mode. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (concluded) t 





ALT. 
SYMBOL 


'44C251B-10 


'44C251B-12 


UNIT 
UNI 1 


MIN MAX 


MIN MAX 


. Delay time, last (most significant) rising edge of SC to RAS low before 
Ki(MSRL) boundary switch during split-register read-transfer cycles 




25 


25 


ns 


, Delay time, last (255 or 51 1 ) rising edge of SC to QSF switching at the 
kl(SCQSF) boundary during split-register read-transfer cycles (see Note 7) 


tSQD 


40 


40 


ns 


Delay time, CAS low to QSF switching in read-transfer or write-transfer 
td(CLQSF) cycles (see Note 7) 


tCQD 


35 


35 


ns 


Delay time, TRG high to QSF switching in read-transfer or write-transfer 
ki(GHQSF) cycles (see Note 7) 


tjQD 


30 


30 


ns 


Delay time, RAS low to QSF switching in read-transfer or write-transfer 
ki(RLQSF) cycles (see Note 7) 


tRQD 


75 


75 


ns 


trf Refresh time interval, memory 


tREF 


8 


8 


ms 


tt Transition time 


tr 


3 50 


3 50 


ns 



t Timing measurements are referenced to V|i_ max and Vih min. 

NOTE 7: Switching times assume C|_ = 1 00 pF unless otherwise noted (see Figure 1 2). 



PARAMETER MEASUREMENT INFORMATION 

1.31V 



Output . 
Pin 



218 Q 



V S S 

Figure 12. Load Circuit 
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PARAMETER MEASUREMENT INFORMATION 



tc(rd)- 



RAS 



— tw(RL) " 
• *d(RLCH) ■ 



I 



t t — H j#— 

| M — td(R L CL) 

H 



- td(CLRH)l 
tw(CL) 



]/ \ 



CAS | I 

T+| K-»H(BA) 

Ml i * 

^. IN — | th(RLCA)-j- 

t.u(RA) -W j+| t.u (CA)-»j tl-g 



I f I I td(CHRL) >\ 



- td(CLGH) • 



I I 

5T 



■ t w (CH) • 



*T ^(CLCA) | 1 1 



A0-A8 



DSF 



TRG 



DQ0-DQ3 




Figure 13. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

_ tc(W) 



RAS 



- <w(RL) " 



J/^-t w( RH)— 



■ <d(RLCH) ■ 



7^ ^ 



A0-A8 



, Kf t8 U(RA ) \ j< 
| fW K-th(RA) l\ 
" Ih(RLCA) +- 

; ; ts u(CA) — \ 

Row 



- td(CLRH) " 



M — | — td(CHRL) ■ 



tsu(SFR) -*i [«-}- 
th(SFR)1">| \ 

Ml' 



DQ0-DQ3 



Figure 14. Early-Write-Cycle Timing 
Table 4. Write-Cycle State Table 




CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation 


L 


L 


H 


Don't care 


Valid data 


Write-mask load/use, write DQs to l/Os 


L 


L 


L 


Write mask 


Valid data 


Use previous write mask, write DQs to l/Os 


H 


L 


L 


Don't care 


Valid data 


Load write mask on later, of W fall and CAS fall 


H 


L 


H 


Don't care 


Write mask 
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PARAMETER MEASUREMENT INFORMATION 

-tc(W)- 




DQ0-DQ3 



Figure 15. Delayed-Write-Cycle Timing (Output-Enable-Control led Write) 
Table 5. Wrlte-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation 


L 


L 


H 


Don't care 


Valid data 


Write-mask load/use, write DQs to l/Os 


L 


L 


L 


Write mask 


Valid data 


Use previous write mask, write DQs to l/Os 


H 


L 


L 


Don't care 


Valid data 


Load write mask on later of W fall and CAS fail 


H 


L 


H 


Don't care 


Write mask 
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PARAMETER MEASUREMENT INFORMATION 



AQ-A8 




Figure 16. Read-Write/Read-Modify-Write-Cycle Timing 
Table 6. Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation 


L 


L 


H 


Don't care 


Valid data 


Write-mask load/use, write DQs to i/Os 


L 


L 


L 


Write mask 


Valid data 


Use previous write mask, write DQs to l/Os 


H 


L 


L 


Don't care 


Valid data 


Load write mask on later of W fall and CAS fall 


H 


L 


H 


Don't care 


Write mask 



8-172 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44C251B 

262144 BY 4-BIT MULTIPORT VIDEO RAM 

SGMS058A- MARCH 1995 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



A0-A8 




t Access time is t a (CP) or t a (CA) dependent. 

* Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

NOTE: A write cycle or a read-modify-write cycle can be mixed with the read cycles as lon g as t he w rite an d read-modify-write timing specifications 
are not violated and the proper polarity of DSF is selected on the falling edges of RAS and CAS to select the desired write mode (normal, 
block write, etc.) 

Figure 17. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

• *w(RL)P " 



A0-A8 




DQ0-DQ3 

t Referenced to CAS or W, whichever occurs last 

NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. TRG must remain high throughout the entire pa ge-mo de operation to assure page-mode cycle time if the late-write 
feature i s use d. If the early-write-cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling 
edge of RAS. 

Figure 18. Enhanced-Page-Mode Write-Cycle Timing 
Table 7. Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 




Write operation 


L 


L 


H 


Don't care 


Valid data 


Write-mask load/use, write DQs to l/Os 


L 


L 


L 


Write mask 


Valid data 


Use previous write mask, write DQs to l/Os 


H 


L 


L 


Don't care 


Valid data 


Load write mask on later of W fall and CAS fall 


H 


L 


H 


Don't care 


Write mask 
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PARAMETER MEASUREMENT INFORMATION 

■ *w(RL)P ' 



A0-A8 




tw(RH) 



*su(DQR) 

th(RDQ) 

DQ0-DQ3 



th(WLD) 



|4~td| 8 (G) 



-^(k-t a( c)t 

t Output can go from the high-impedance state to an invalid data state prior to the specified access time. 

NOTE: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
Figure 19. Enhanced-Page-Mode Read-Modify-Write-Cycle Timing 

Table 8. Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation 


L 


L 


H 


Don't care 


Valid data 


Write-mask load/use, write DQs to l/Os 


L 


L 


L 


Write mask 


Valid data 


Use previous write mask, write DQs to l/Os 


H 


L 


L 


Don't care 


Valid data 


Load write mask on later of W fall and CAS fall 


H 


L 


H 


Don't care 


Write mask 
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Figure 20. Load-Color-Register-Cycle Timing (Early-Write Load) 



8-176 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44C251B 

262144 BY 4-BIT MULTIPORT VIDEO RAM 

SGMS058A- MARCH 1995 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



RAS 




CAS 



K »j | *d(CHRL) 
j l*H — •d(RLCL) 

-M 



I I 
I L 

t»u(RA)-H k-T 



7i 



td(CLRH) 
tw(CL) 



if 



■ <h(RSF) ■ 



A0-A8 



I [>[ h-»h(RA) 



I I 



I I I 



*w(CH) 



Refresh' 
Row 



th(SFR) 

tsu(SFR)-H r*ii 




WWW 
Don't Care 



DSF 



! i 



. 1 i 

tsu(TRG) J*-| 



*T— *h(SFC) 




tsu(SFC) 

I 



I I 




■ tsu(WCH) — 
— t 8U (WRH) 



-h ! 



TRG 



W j I *d(GHD) 



tsu(WMR) 



W 



DQ0-DQ3 



*su(DWL) 



- *h(RWL) " 



I 



• tn(CLW) 



th(WLG) 



1st 



*w(WL) 



*h(WLD) 



th(RLD) 



Valid Color Data Input 



Figure 21. Load-Color-Register-Cycle Timing (Delayed-Write Load) 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



8-177 



SMJ44C251B 

262144 BY 4-BIT MULTIPORT VIDEO RAM 



SQMS058A- MARCH 1995 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 



RAS 



tw(RL) 



tc(W) 



1 W- 

td(RLCL) — H*" 



td(RLCH) 



td(CHRL) -W Hi 
CAS 



I I 

td(RLCA) J-4«- 



~ td(CLRH) 
*w(CL) — 



I m ~ td(CHRL) 



*w(RH) 




5* 



th(RA) |+j K- 



th(RLCA) 
— W 



tsu(RA) 



| f* -*[— ^(CLCA) 



I I 
I I 
I I 



tw(CH) 



A0-A8 




f*rr 

i+1 tsu(CA)[ 



td(CARH) 



I I 



Rov^ 



tsu (SFR) 
DSF 

tsu(TRG) 
TRG 



th(RSF) 




th(SFR) r*| |«- 

— - L | -frj j+j t8 U(S FC) 



-th(SFC) 



Block Address 
A2-A8 




th(TRG) | 




I I 




tsu(WCL) -*\ H-p 
th(RWM) hWk- ! | I 4 



tsu(WMR) ->f 

w oooooc" 2 




H-f t h (RLW) 



t su(WCH) - 
— tsu(WRH) 

th(CLW) — 



H 



tw(WL) 



th(RLD) 



th(RDQ) U| |*> "*} ^^(DCL) 



*su(DQR) ~*\ I 



I 



*h(CLD) 



DQ0-DQ3 



Figure 22. Block-Wrlte-Cycle Timing (Early Write) 
Table 9. Block- Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


Write-mask load/use, block write 


L 


L 


Write mask 


Column mask 


Use previous write mask, block write 


H 


L 


Don't care 


Column mask 


Write mask disabled, block write to ail l/Os 


L 


H 


Don't care 


Column mask 



Write mask data 0: I/O write disable 
1: I/O write enable 
Column mask data DQn = 0 column write disable 
(n » 0, 1 , 2, 3) 1 column write enable 



DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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Figure 23. Block-Write-Cycle Timing (Delayed-Write) 
Table 10. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


Write-mask load/use, block write 


L 


L 


Write mask 


Column mask 


Use previous write mask, block write 


H 


L 


Dontcare 


Column mask 


Write mask disabled, block write to all l/Os 


L 


H 


Dont care 


Column mask 



Write mask data 0: I/O write disable 
1 : I/O write enable 
Column mask data DQn = 0 column write disable 
(n » 0, 1 , 2, 3) 1 column write enable 



DQO — column 0 (address A1 ■ 0, AO ■ 0) 
DQ1 — column 1 (address A1 ■ 0, AO ■ 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 ■ 1 , AO = 1) 
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See Note A 
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t Referen ced to CAS or W, whichever occurs last 

NOTE A: TRG must remain high throughout the entire pa ge-mo de operation to assure page-mode cycle time if the late write feature is u sed. I f 
the early-write-cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) f rom the falling edge of RAS. 

Figure 24. Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 11. Enhanced-Page-Mode Block-Write-Cycle Table 



CYCLE 


STATE 


1 


2 


3 


4 


Write-mask load/use, block write 


L 


L 


Write mask 


Column mask 


Use previous write mask, block write 


H 


L 


Don't care 


Column mask 


Write mask disabled, block write to all l/Os 


L 


H 


Don't care 


Column mask 



Write mask data 0: I/O write disable 
1 : I/O write enable 
Column mask data DQn = 0 column write disable 
(n - 0, 1 , 2, 3) 1 column write enable 



DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 ■ 0, AO = 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 = 1, AO = 1) 
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NOTE A: In persistent write-per-bit function, W must be high at the falling edge of RAS during the refresh cycle. 

Figure 25. RAS-Only Refresh-Cycle Timing 
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NOTE A: In persistent write-per-bit operation, W must be high at the falling edge of RAS during the refresh cycle. 

Figure 26. CBR-Refresh-Cycle Timing 
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Figure 27. Hidden-Refresh-Cycle Timing 
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NOTE: The write-mode-control cycle is used to change the SDQs from the output mode to the input mode. This allows serial data to be written 
into the data register. This figure assumes that the device was originally in the serial-read mode. 

Figure 28. Write-Mode-Control Pseudo-Transfer Timing 
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Figure 29. Data-Register-to-Memory Transfer Timing, Serial Input Enabled 
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Figure 30. Alternate Data-Register-to-Memory Transfer-Cycle Timing 
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NOTES: A. Early-load operation is defined as t n (TRQ) min < t n (TRG) < td(RLTH) m ' n - 

B. DQ outputs remain in the high-impedance state for the entire memory-to-data-registertransfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 51 2 locations in each data register are written 
from the 51 2 corresponding columns of the selected row. The data that is transferred into the data registers can be either shifted 
out or transferred back into another row. 

C. Once data is transferred into the data registers, the SAM is in the serial-read mode (i.e., SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

Figure 31 . Memory-to-Data-Register Transfer-Cycle Timing, Early-Load Operation 
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NOTES: A. Late-load operation is defined as td(THRH) < 0 ns. 

B. DQ outputs remain in the high-impeaance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 51 2 locations in each data register are written 
from the 51 2 corresponding columns of the selected row. The data that is transferred into the data registers can be either shifted 
out or transferred back into another row. 

C. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e., SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

Figure 32. Memory-to-Data-Register Transfer-Cycle Timing, 
Real-Time-Reload Operation/Late-Load Operation 



8-188 



^? Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ44C251B 

262144 BY 4-BIT MULTIPORT VIDEO RAM 



SGMS058A - MARCH 1995 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 

|«-; *c(TRD) 



■ tw(RL) 



■ td(RLCL) • 



td(CHRL) i^- 



* td(RLCH) " 



*w(RH)- 



CAS 



A0-A8 



DSF 




td(RLCA) 



td(CARH) 
^ *w(CL) 



*su(RA) -j4 



\ r , * ^t-th(CLCA) 

[«-t h( RA)+j |4-t3u(CA) I 



Y 



Row 



Tap Point 
A0-A8 



\AAAAAAJ 

Don't Care 

/wvvvv^ 



th(SFR) - 



f t 8u(S FR) J. 



TRG 



W 



v 

« *f *su(TR 

> > I 
*h(TRG) 1« — *| 

4- 




td(CAGH) 

kAAAAAA/ 

Don't Care 

/vvvvvv^ 




*d(CLGH) • 



J*. 



3> 



' td(THRH) 
— td(THRL) 




tsu(WMR) -j^- 



-*f— *h(RWM) 
- td(RLTH) 



k-t w(GH )^| 



3 7 



■ VAAAAAA^ 1 

Don't Care 

fVVVVVVY 



J I 




AAAAAA/ 

Don't Care 

/\/\/\, 



DQ0-DQ3 



. Hl-Z- 



td(SCRL) ' 



SC 



td(RLSH) 



td(CLSH) 



-M— td(THSC) 



/ 1 1\ \ \ ^ Vs — v 

fr-t H-^tysDRL) N — *c(SC)- 



SDQ0-SDQ3 



tsu(SDS)-*J |*~f H-^^SDRL) 
th(SDS) 

-h- ( 



Valid In 



> 



± 



|*~ *a(SQ) " 



Invalid Out 



I 



x 



Valid Out 



- td(GHQSF) 



QSF 



SE 



- td(RLQSF) ■ 



- td(CLQSF) ' 



QSF) T 

3t 



Tap Point bltA7 



NOTES: A. Late-load operation is defined as t^/jHRH) < 0 ns. 

B. DQ outputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 51 2 locations in each data register are written 
from the 51 2 corresponding columns of the selected row. The data that is transferred into the data registers may be either shifted 
out or transferred back into another row. 

C. Once data is transferred into the data registers, the SAM is in the serial read mode (i.e. , SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to be read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

Figure 33. Memory-to-Data-Reglster Transfer-Cycle Timing, SDQ Ports Previously in Serial-Input Mode 
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Figure 34. Split-Register-Mode Read-Transfer-Cycle Timing 
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CASE I 




CASE II 



Normal Read Transfer 



Split Register to the 
High Half of the 
Data Register 



NOTES: A. In order to achieve proper split-register operation, a normal read transfer should be performed before the first split-register transfer 
cycle. This is necessary to initialize the data register and the starting tap location. First serial access can then begin either after the 
normal read-transfer cycle (CASE I) , during the first split-register cycle (CASE 1 1) , or even after the first split-register transfer cycle 
(CASE III). There is no minimum requirement of SC clock between the normal read-transfer cycle and the first split-register cycle. 
B. Asplitregistertransferintothe inactive half isnotallowed untiltd(MSRL) isme tt d(M SRL) tethe minimum delay time between the rising 
edge of the serial clock of the last bit (bit 255 or 51 1 ) and the falling edge of RAS of the split-register transfer cycle into the inactive 
half. After td(MSRL) ls met > tne split-register transfennto the inactive half must also satisfy thetd(RHMS) rec 1 uirement - kipHMS) istne 
minimum delay time between the rising edge of RAS of the split-register transfer cycle into the inactive half and the rising edge of 
the serial clock of the last bit (bit 255 or 51 1 ). There is a minimum requirement of one rising edge of SC clock between two split-register 
transfer cycles. 

Figure 35. Split-Register-Transfer Operating Sequence 
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NOTES: A. The serial data-in cycle is used to input serial data into the data registers. Before data can be written into the data registers via the 
SDQ terminals, the device must be put into the write mode by performing a write-mode-control (pseudo-transfer) cycle or any other 
write-transfer cycle. A read-transfer cycle is the only cycle that takes the serial port (SAM) out of the write mode and puts it into the 
read mode, disabling the input data. Data is written starting at the location specified by the input address loaded on the previous 

transfer cycle. 

B. While accessing data in the serial-data registers, the state of TRG is a don't care as long as TRG is held high when RAS goes low 
to prevent data transfers between memory and data registers. 

Figure 36. Serial-Write-Cycle Timing (SE = V 1L ) 
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NOTES: A. The serial data-in cycle is used to input serial data into the data registers. Before data can be written into the data registers via the 
SDQ terminals, the device must be put into the write mode by performing a write-mode-control (pseudo-transfer) cycle or any other 
write-transfer cycle. A read-transfer cycle is the only cycle that takes the serial port (SAM) out of the write mode and puts it into the 
read mode, disabling the input data. Data is written starting at the location specified by the input address loaded on the previous 

transfer cycle. 

B. While accessing data in the serial-data registers, the state of TRG is a don't care as long as TRG is held high when RAS goes low 
to prevent data transfers between memory and data registers. 

Figure 37. Serial-Write-Cycle Timing (SE-Controlled Write) 
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NOTES: A. While reading data through the serial-data register, the state of TRG is a don't care as long as TRG is held high when RAS goes 
low. This is to avoid the initiation of a register-to-memory-to-register data-transfer operation. 
B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SDQ, the device must be put 
into the read mode by performing a transfer-read cycle. Any transfer-write cycles occurring between the transfer-read cycle and the 
subsequent shifting out of data take the device out of the read mode and put it in the write mode, not allowing the reading of data. 

Figure 38. Serial-Read-Cycle Timing (SE = V| L ) 
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NOTES: A. While reading data through the serial-data register, the state of TRG is a don't care as long as TRG is held high when RAS goes 
low. This is to avoid the initiation of a register-to-memory-to-register data-transfer operation. 
B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SDQ, the device must be put 
into the read mode by performing a transfer-read cycle. Any transfer-write cycles occurring between the transfer-read cycle and the 
subsequent shifting out of data take the device out of the read mode and put it in the write mode, not allowing the reading of data. 



Figure 39. Serial-Read-Cycle Timing (SE-Controlled Read) 
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• Organization: 

- DRAM: 262 144 Words x 16 Bits 

- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data-Transfer Function From the DRAM to 
the Serial-Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast 
Area-Fill Operations; as Many as Four 
Memory-Address Locations Written Per 
Cycle From the 16-Bit On-Chip Color 
Register 

• Write-Per-Bit Feature for Selective Write to 
Each RAM I/O; Two Write-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (CASL, CASU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and 
Hidden-Refresh Modes 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 45-MHz Uninterrupted Serial-Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 

• Split-Register-Transfer Read for Simplified 
Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video-Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Performance Ranges: 
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description 

The SMJ55161 multiport video RAM is a high-speed, dual-port memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 1 44 words of 1 6 bits each interfaced to a serial-data register 
(serial-access memory (SAM)) organized as 256 words of 16 bits each. The SMJ55161 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the SMJ551 61 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The SMJ55161 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates are 
achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 16 bits of data (present 
in an on-chip color-data register) to be written to any combination of fou r adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 16 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The SMJ55161 also offers byte control. Byte control can be applied in read 
cycles, write cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The 
SMJ55161 also offers extended-data output mode. The extended-data output mode is effective in both the 
page-mode and standard DRAM cycles. 

The SMJ55161 offers a split-register-transfer read (DRAM-to-SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for continuous serial-data streams without critical 
timing requirements. The register is divided into a high half and a low half. While one half is being read out of 
the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT-retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 45 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the SMJ551 61 are compatible with Series 74 TTL All address lines and 
data-in lines are latched on-chip to simplify system design. All data-out lines are unlatched to allow greater 
system flexibility. 

The SMJ55161 employs state-of-the-art Texas Instruments (Tl) enhanced performance implanted CMOS 
(EPIC™) scaled-CMOS, double-level polysilicon/polycide gate technology combining very high performance 
with improved reliability. 

The SMJ551 61 is offered in a 68-pin ceramic pin-grid-array package (GB suffix) and a 64-pin ceramic flatpack 
(HKC suffix). 

The SMJ55161 and other Tl multiport video RAMs are supported by a broad line of graphic processors and 
control devices from Tl. Refer to Tables 1 and 2 for additional function and description information. 
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functional block diagram 
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functional block diagram (continued) 
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Function Table 



FUNCTION 


RAS FALL 


PACy 

wM3* 

FALL 


ADDRESS 


DQ0-DQ15t 


MNE 
CODE 






WE 


DSF 


DSF 


RAS 




RAS 


CASL 


CASx* 


TRG 


CASx§ 


CASU 
WE 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 


— — 


CBR refresh (no reset) and stop-point 
set 11 


L 


X 


L 


H 


X 


Stop 
Point # 


X 


X 


X 


CBRS 


CBR refresh (option reset) II 


• 

L 


v 

A 


n 


L 


X 


v 
A 


v 
A 


v 

A 


v 

A 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 


DRAM write 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


i 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


riwivi 


L/r\/"\IVI UIUCK WIllO 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 

Arlrlr 
MUCH 


Block 
Addr 
A2-A8 


Write 

Mack 


. Col 

Mack 
IVIoSK 


BWM 


DRAM write 
(persistent write-per-bit) 


u 
n 


n 


i 


i 


L 


Row 
Addr 


Col 
Addr 


A 


Valid 
Data 


RWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


VsOl 

Mask 


BWM 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


Load write-mask register 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 

X = Don't care 

t DQ0-DQ1 5 are latched on either the fi rst fall ing e dge of CASx or the falling edge of WE, whichever occurs later. 

* Logic L is selected when either or both CASL and CASU are low. 

§ The column address and block address are latched on the first falling edge of CASx. 
^ CBRS cycle should be performed immediately after the powerup initialization cycle. 

* AO- A3, A8: don't care; A4-A7: stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 1. Pin Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


SAM 


A0-A8 


Row, column address 


Row address, tap point 




CASE 
CASU 


Column-address strobe, DQ output enable 


Tap-address strobe 




DQ 


DRAM data I/O, write mask 






DSF 


Block-write enable 
Write-mask-register load enable 
Color-register load enable 


Split-register-transfer enable 




RAS 


Row-address strobe 


Row-address strobe 




SE 






SQ output enable, 
QSF output enable 


SC 






Serial clock 


SQ 






Serial-data output 


TRG 


DQ output enable 


Transfer enable 




WE 


Write enable, write-per-bit enable 






QSF 






Serial-register status 


NC/GND 


Either make no external connection or tie to system GND (V$s) 






vcc T 


5-V supply 






v ss t 


Ground 







t For proper device operation, all Vqc P ins must be connected to a 5-V supply, and all V$s pins must be tied to ground. 



pin definitions 
address (A0-A8) 

Eighteen address bits are required to decode one of 262 1 44 storage ceil lo cations. Nine row-address bits are 
set up on pins A0-A8 and latched onto the chip on the falling edge of RAS. Nine column-address bits are set 
up on pins A0-A8 and latch ed on to the chip on the first fallin g edge of CASx. All addresses must be stable on 
or before the falling edge of RAS and the first falling edge of CASx. 

During the full-register-transfer read operation, the states of A0-A8 are latch ed on t he falling edge of RAS to 
select one of the 51 2 rows where the transfer occurs. At the first falling edge of CASx, the column-address bits 
A0-A8 are latched. The most significant column-address bit (A8) selects which half of the row is transferred 
to the SAM. The appropriate 8-bit column address (A0-A7) selects one of 256 tap points (starting positions) 
for the serial-data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CASx. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row and vice versa. Column address (A8) selects the DRAM 
half row. The remaining seven address bits (A0-A6) are used to select one of 1 27 possible starting locations 
within the SAM. Locations 1 27 and 255 are not valid tap points. 

row-address strobe (RAS) 

RAS i s sim ilar to a chip enable so that all DRAM cycles and transfer cycles are i nitiated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WE, TRG, CASL, CASU, and DSF onto 
the chip to invoke DRAM and transfer-read functions of the SMJ551 61 . 
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column-address strobe (CASL, CASU) 

CASL and CASU are control inputs t hat lat ch the states of the column address and DSF to control DRAM and 
transfer functions of the SM J55161 . CASx also act as output enables for the DRAM output pins DQ0- DQ15. 
In DRAM operation, CASL enables data to be written to or read from the lower byte (DQ0-DQ7), and CASU 
enables data to be written to or from t he upp er byte (DQ8-DQ1 5). In transfer operations, address bits A0-A8 
are latched at the first falling edge of CASx as the start position (tap) for the serial-data output (SQ0-SQ1 5). 

output enable/transfer select (TRG) 

TRG selects either DRAM or transf er ope ration as RAS falls. For DRAM operation, TRG must be held high as 
RAS falls. During DRA M ope ration, TRG functions as an outpu t enable for the DRAM output pins DQ0-DQ1 5. 
For transfer operation, TRG must be brought low before RAS falls. 

write-mask select, write enable (WE) 

In DRAM operation, WE enables data to be written to the DRAM . WE is also used to select the DRAM 
write-per-bit mode. Holding WE low on the falling edge of RAS invokes the write-per-bit operation. The 
SMJ551 61 supports both the nonpersistent write-per-bit mode and the persistent write-per-bit mode. 

special-function select (DSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CASx, similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 

• CBR refresh with no reset (CBRN) 

• CBR refresh with no reset and stop-point set (CBRS) 

• Block write 

• Loading write-mask register for the persistent write-per-bit mode (LMR) 

• Loading color register for the block-write mode 

• Split-register-transfer read 

DRAM data I/O, write mask data (DQO-DQ 15) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DQ-output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 54 TTL load. Data out is th e sam e polarity 
as data in. During a normal access c ycle, the outputs r emain in the high-impedanc e stat e until TRG is br ought 
low. Data appears at t he outp uts until TRG returns high, CASx returns high following RAS returning high, or RAS 
returns high followin g CAS x returning high. The write mask is latched into the device via the random DQ pins 
by the falling edge of RAS and is used on all write-per-bit cycles. In a transfer operation, the DQ outputs remain 
in the high-impedance state for the entire cycle. 

serial-data outputs (SQ0-SQ1 5) 

Serial data is read from the SQ pins. The SQ output buffers provide direct TTL compatibility (no pullup resistors) 
with a fanout of one Series 54 TTL load. The serial outputs are in the high-impedance (floating) state as long 
as the serial-enable pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The SMJ551 61 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC-clock operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the 
serial-data output. SE high disables the serial-data output. SE is also used as an enable/disable for output pin 
QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of SE. This ungated serial-clock scheme minimizes access time 
of serial output from SE low because the serial-clock input buffer and the serial-address counter are not disabled 
bySE. 

special-function output (QSF) 

QSF is an output pin that indicates which half of the SAM is being accessed. When QSF is low, the serial-address 
pointer is accessing the lower (least significant) 128 bits of the serial register (SAM). When QSF is high, the 
pointer is accessing the higher (most significant) 1 28 bits of the SAM. 

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. QSF is enabled by SE. If SE is high, the QSF output 
is in the high-impedance state. 

no connect / ground (NC/GND) 

NC/GND should be tied to system ground or left floating for proper device operation. 
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functional operation description 



random access operation 

DRAM Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 






WE 


DSF 


DSF 


RAS 




RAS 


CASL 


CASx* 


TRG 


CASx* 


CASU 
We 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 


— 


CBR refresh (no reset) and stop-point 
set 11 


L 


X 


L 


H 


X 


Stop 
Point* 


X 


X 


X 


CBRS 


CBR refresh (option reset) II 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


DRAM write 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM write 
(persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 

X = Don't care 

t DQ0-DQ1 5 are latched on either the fi rst fall ing e dge of CASx or the falling edge of WE, whichever occurs later. 

* Logic L is selected when either or both CASL and CASU are low. . 

§ The column address and block address are latched on the first falling edge of CASx. 
11 CBRS cycle should be performed immediately after the power-up initialization cycle. 
#A0-A3, A8: don't care; A4-A7: stop-point code 

I! CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. This mod e elim inates the ti me req uired for row-address setup, row-address hbld, 
and address multiplex. The maximum RAS low time and CAS page cycle time used determines the number of 
columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the SMJ55161 to operat e at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CASx 
transitions low. A valid column address can be presented immed iately after the row-address hold time has been 
satisfied, usually well in advance of the falling edge of CASx. In this case, data is obtained after t a (c) max 
(access time from CASx low) if t a (CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing either or both CASE and CASU low earlier than RAS. The external 
row address is ignored, and the refresh row address is generated internally. Three types of CBR refresh cycles 
are available. The CBR refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. 
The CBRN and CBRS refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. 
The 51 2 rows of the DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh 
is completed within the required time period, trf(MA)- Th e outp ut buffers remain in the high-impedance state 
during the CBR refresh cycles regardless of the state of TRG. 

hidden refresh 

A hid den refresh is accomplished by holding both CASE and CASU low in the DRAM read cycle and cycling 
RAS. The output data of the DRAM read cycle remains valid while the refresh is carried out. Like the CBR 
refresh, the refreshed row addresses are generated internally during the hidden refresh. 

RAS-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CASx and TRG are low, the 
output buffers rem ain in the high-impedance state to conserve power. Externally- gene rated addresses must 
be supplied during RAS-only refresh. Strobing each of the 51 2 row addresses with RAS causes all bits in each 
row to be refreshed. 
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extended data output 

The SMJ551 61 features extended data output during DRA M acces ses. While RAS andTRG ar e low, the DRAM 
outp ut rem ains valid . The output remains valid even when CASx returns high until WE is low, TRG is high, or 
both CASx and RAS are high (see Figures 1 and 2) . The extended-data-output mode functions in all read cycles 
including DRAM read, page-mode read, and read-modify-write cycles (see Figure 3). 



RAS 



\ 



CASx 



DQ0-DQ15 



\ 



/ 



|4 H tdls(RH) 



< 



Valid Output 



1 



k-tdls(G)-*l 



TRG 



\ 



Figure 1. DRAM Read Cycle With RAS-Controlled Output 
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\ 
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CASx 



\ 
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|4 -N— tdlsCCH) 



DQ0-DQ15 



< 



Valid Output 



k- tdls(G) 



TRG 



\ 



Figure 2. DRAM Read Cycle With CASx-Controlled Output 
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extended-data output (continued) 



RAS 




CASx 



> / — s r 

T i i 



A0-A8 <XXX Row XOOOC Column X*XX>0OW0^ 




| | r> H H-ta(CP) 

I P* ^-»a(C) 

taJCA)- 1 * ►! th (C LQ)-+< ►) | 

DQ0-DQ1S ^ Valid Output Valid Output } - 



TRG 



— s r 

Figure 3. DRAM Page-Read Cycle With Extended Output 
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byte operation 

Byte operation can be applied in DRAM-read cycles, write cycles, block-write cycles, load-write-mask-register 
cycles, and lo ad-colo r-register cycle s. In b yte operation, the column address (A0 -A8) is latched at the first 
falling edge of CASx. In read cycles, CASL enables the lower byte (DQ0-DQ7) and CASU enables the upper 
byte (DQ8-DQ1 5) (see Figure 4). 



RAS 



/ 



CASL 

! i 



is r 



CASU 



| U — P\ — th(CLCA) 



A0-A8 <XXX Row XXXXXX Column 



ta(C) 




DQ0-DQ7 ^* Lower Byte Output ^ 



r , 

*a(C) -1* H 



DQ8-DQ15 _ i j 



j«- ta(G) -+| 



TRQ 



Figure 4. Example of a Byte-Read Cycle 
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byte operation (continued) 

In byte-write operation, CASL enables data to be written to the lower byte (DQ0-DQ7) , and CASU enable s data 
to be written to the upper byte (DQ8-DQ15). In an early write cycle, WE is brought low prior to both CASx 
signals, and data setup and hold times for DQ0-DQ15 are referenced to the first falling edge of CASx 
(see Figure 5). 



RAS 



WE 



CASL 



/ 



\ / 



\ r 



i ! 



CASU t, u(C A)-»l M \ / " 

I ! H" ■ «h(CLCA) 



A0-A8 <XXX Row XXXXXX Column 



tsu(DCL) — H I 

' \* «h(CLD) 



DQ0-DQ15 WWWWWSMA, VWW Input 



Figure 5. Example of an Early-Write Cycle 
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byte operation (continued) 

For late-write or read-modify-write cycles, WE is brought low after either or both CASL and CASU fall. The data 
is strobed in with data setup and hold times for DQ0-DQ15 referenced to WE (see Figure 6). 




Figure 6. Example of a Late-Write Cycle 
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wrlte-per-bft 

The write-per-bit feature allows masking any combination of th e 16 D Qs on any write cycle. The write-per-bit 
opera tion is invoked when WE is held low on the falling edge of RAS. If WE is held high on the falling edge of 
RAS, the write operation is performed without any masking. The SMJ55161 offers two write-per-bit modes: 
nonpersistent write-per-bit and persistent write-per-bit. 



nonperslstent write-per-bit 

When VVE is low on the falling edge of RAS, the write mask is reloaded. A 1 6-bit binar y code (the write-per-bit 
mask) is input to the device via the DQ pins and latched on the fall ing e dge of RAS. The write-per-bit mask 
selects which of the 1 6 1 /Os are to be written and which are not. After RAS has latched the o n-chip write-per-bit 
mask, i nput data is driven onto the DQ pins and is latched on either the first falling edge of CASx or the falling 
edg e of WE , whichever occurs later. CASL enables the lower byte (DQ0-DQ7) to be written through the mask 
and CASU enables the upper byte (DQ8-DQ1 5) to be wri tten th rough the mask. If a data low (write mask = 0) 
is strobed into a particular I/O pin on the falling edge of RAS, data is not written to that I/O. If a data high 
(write mask = 1) is strobed into a particular I/O pin on the falling edge of RAS, data is written to that I/O 
(see Figure 7). 



RAS 



K 



CASL 



CASU 



\ 



DQ0-DQ15 




Figure 7. Example of a Nonpersistent Write-Per-Bit (Late-Write) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated by performing a load-write-mask-register (LMR) cycle. In the 
persistent write-per-bit mode, the write-per-bit mask is overwritten but remains valid over an arbitrary number 
of write cycles until another LMR cycle is performed or power is removed. 

The LMR cycle is performed using DRAM write-cycle timing with DSF held high on the falling edge of RAS and 
held low on the first falling edge of CASx. A bina ry code is input to the write-mask register via the random I/O 
pins and latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. Byte 
write control can be applied to the write mask during the LMR cycle. The persistent write-per-bit mode can then 
be used in ex actly the same way as the nonpersistent write-per-bit mode except that the input data on the falling 
edge of RAS is ignored. When the device is set to the persistent write-per-bit mode, it remains in this mode and 
is reset only by a CBR refresh (option-reset) cycle (see Figure 8). 



Load-Wrlte-Mask Register 
RAS I \ f 



I 



CASx I 



A0-A8 



r 



Persistent Wrlte-Per-BIt 



CBR Refresh (option reset) 



I 



A. 



y 



TV 



Refresh 
Address 



Row 



Column 



DSF 



WE 



DQO- 
DQ15 



I 



Wrlte-Mask 
Data 

Mask Data = 1 : Write to I/O enabled 
= 0: Write to I/O disabled 



Valid 
Input 



Figure 8. Example of a Persistent Write-Per-Bit Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as 4 columns x 4 DQs and repeated in four quadrants. In this manner, each of the 
four 1 -megabit quadrants can have up to four consecutive columns written at a time with up to 4 DQs per column 
(see Figure 9). 




4 Consecutive Columns of 0-511 

Figure 9. Block-Write Operation 

Each 1 -megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The DQ data is provided by 4 bits from the on-chip color register. 
Bits 0-3 from the 1 6-bit write-mask register, bits 0 -3 from the 1 6-bit column-mask register, and bits 0 -3 from 
the 1 6-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8-11, and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 14). 
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block write (continued) 




Color Register 
Figure 10. Block Write With Masks 
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block write (continued) 

A set of four columns makes a block, resulting In 1 28 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4-7, block 2 comprises columns 8-11 , etc., as shown in Figure 11 . 

BlockO Block 1 Block 127 



One Row of 0-511 


































0 1 2 3 4 5 6 7 511 



Figure 11 . Block Columns Organization 

During block-w rite cyc les, only the seven most significant column addresses (A2-A8) are latched on the first 
falling edge of CASx to decode one of the 128 blocks. Address bits A0-A1 are ignored. Each 1 -megabit 
quadrant has the same block selected. 

A block-write cycle i s entered in a manner similar to a D RA M write cycle except DSF is held high on the first 
falling edge of CASx. As in a DRAM write operation, CASL and CASU enable the corresponding lower and upper 
DRAM DQ byt es to be written. The column-mask data is input via the DQs and is latched on either the first falling 
edge of CASx or the falling edge of WE, whichever occurs later. The 1 6-bit color-data register must be loaded 
prior to performing a block write as described below. Refer to the write-per-bit section for details on use of the 
write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 1 1 0000000 (AO- A8 from left to right) 



bitO bit 15 



color-data register 


= 1011 


1011 


1100 


0111 


write-mask register 


= 1110 


1111 


1111 


1011 


column-mask register 


= 1111 


0000 


0111 


1010 




1st 


2nd 


3rd 


4th 




Quad 


Quad 


Quad 


Quad 



Column-address bits AO and A1 are ignored. Block 0 (columns 0 -3) is selected for each 1 -megabit quadrant. 
The first quadrant has DQ0-DQ2 written with bits 0-2 from the color-data register (1 01) to all four columns of 
block 0. DQ3 is not written and retains its previous data due to write-mask-register-bit 3 being 0. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to column-mask bits 4-7 being 0, so 
that no data is written. 

The third quadrant (DQ8-DQ11 ) has its four DQs written with bits 8— 11 from the color-data register (1100) to 
columns 1-3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to 
column-mask-register-bit 8 being 0. 
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block write (continued) 

The fourth quadrant (DQ12-DQ15 ) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block 0. DQ1 3 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all Os, the fourth quadrant would contain the data pattern shown in Figure 12 after 
the block-write operation shown in the previous example. 



DQ15 



DQ12 0 




4th Quadrant 



TTTT 



Columns 0 12 3 

Figure 12. Example of Fourth Quadrant After a Block-Write Operation 

load color register 

The load-color-registe r cycle is per form ed usin g normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS, CASL, an d CAS U. The color register is loaded from pins DQO -DQ1 5, whi ch are 
latched on either the first falling edge of CASx or the falling edge of WE, whichever occurs later. If only one CASx 
is low, only the corresponding byte of the color register is loaded. When the color register is loaded, it retains 
data until power is lost or until another load-color-register cycle is performed (see Figures 13 and 14). 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2- A8) is latched on the first falling edge of CASx. 

4. Color-register data 

5. Write-mask data: DQO- DQ1 5 are latched on the falling edge of RAS. 

6. Column-mask data: DQi - DQi+3 (i ■ 0, 4, 8, 1 2) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 
o ccurs later. 

- don't care 

Figure 13. Example of Block Writes 
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load color register (continued) 



| Load-Wrlte-Mask-Register Cycle | Load-Color-Register Cycle | Persistent Block-Write Cycle 
j | I (use loaded write mask) 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the first falling edge of CASx. 

4. Color-register data 

5. Write-mask data: DQ0-DQ15 are latched on the falling edge of CASx. 

6. Column-mask data: DQi-DQi+3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of CASx or the falling edge of WE, whichever 
occurs later. 

■ don't care 

Figure 14. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM array is selected 
to be transferred to the 256-bit serial-data regis ter. T he transfer operation is invoked by TRG being brought low 
and W E being held high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of 
RAS, determines whether the full-register-transfer read operation or the split-register-transfer read operation 
is performed. 



Table 2. SAM Function Table 



FUNCTION 


RAS FALL 


CASx 
FALL 


ADDRESS 


DQ0-DQ15 


MNE 
CODE 


CASxt 


TRG 


WE 


DSF 


DSF 


RAS 


CASx 


RAS 


CASx 
WE 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 



t Logic L is selected when either CASL or CASU are low. 
X ■ don't care 
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full-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and la tched at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the 
falling edge of RAS to select one of the 512 r ows av ailable for the transfer. The nine column-address bits 
(AO- A8) are latched at the first falling edge of CASx, where address bit A8 selects which half of the row is 
transferred. Address bits A0-A7 select one of the SAM's 256 available tap points from which the serial data 
is read out (see Figure 1 5). 



A8 = 0 A8 = 1 

0 255 256 511 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



Figure 15. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 16). 



Early Load 



Real-Time Load 



RAS I \ 



A0-A8 




Figure 16. Example of Full-Register-Transfer Read Operations 
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split-register-transfer read 

In the split-register-transfer-read operation, the serial-data register is split into halves. The low half contains bits 
0-127, and the high half contains bits 128-255. While one half is being read out of the SAM port, the other 
half can be loaded from the memory array. 



A8 = 0 A8 = 

255 256 



511 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



Figure 17. Split-Register-Transfer Read 

To invoke a split-reg ister- transfer-read cycle, DSF is brought high, TRG is brought low, and bo th are latched 
at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS to select 
one of the 51 2 rows availa ble for t he transfer. Eight of the nine column-address bits (AO- A6 and A8) are latched 
at the first falling edge of CASx. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits A0-A6 selects one of the 1 27 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register transfer is internally controlled to select the inactive register half. 



^~ ^FuilXFER ^ N ^plitXFER^ / N^ Spiit XFERy ' ~\ ^Split XFERy /~ 



A8 = 0 



511 



DRAM 



SAM 



A 


B 






\ 


\ 






-\ 

-4 


-v 
















0 T T 2 55 

| A | B I 

SQ 



^A8 = 1^ 
A7 = 0t 511 



^A8=^ 
A7 = lt 511 



^A8=^ 
0 A7 = 0t 



511 



A 


B 


c 








/ 

4- 














—f- 







A 


B 


C 


0 








1 



















A 


B 


C 


D 


E 








\ 








-V 









of 255 

> SQ 



t 



255 



SQ 




t A7 shown is internally controlled. 

Figure 18. Example of a Split-Register-Transfer Read Operation 

A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt-reglster-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial-access operation. When QSF is low, 
the serial-address pointer is accessing the lower (least significant) 1 28 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most significant) 1 28 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached. 



RAS 



Full-Register-Transfer Read 
With Tap Point N 

~\ 



y 



Split-Register- 
Transfer Read 



y 



CASx 



TRG 



DSF 



SC 



QSF 



"S r 



t=4 



v 



y 



y 



y~\. 



td(CLQSF) " 
k ■ *T *d(GHQSF) 



5E 



Tap 
Point N 



Figure 19. Example of a Split-Register-Transfer Read After a Full-Register-Transfer Read 



RAS 



CASx 



TRG 



DSF 



Split-Register- 
Transfer Read 
With Tap Point N 

\ A 



r 



Split-Register- 
Transfer Read 



td(RHMS) H* *\ f *d(MSRL) 



y 



a r 

r 



127 Tap 
or 255 Point N 



QSF 



-* td(SCQSF) 



Figure 20. Example of Successive Split-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 21 . 



\ • I 


1 


2 




Tap 


► • • • 


| 254 


255 | 



Figure 21 . Serial-Pointer Direction for Serial Read 

For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds 
sequentially to the most significant bit of the half, bit 1 27 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register transfer (see Figure 22). 



1 


















1 0 




126 


127 | | 128 


• • • 




254 


255 | 



Figure 22. Serial Pointer for Split-Register Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
bit 1 28 or bit 0, respectively (see Figure 23). 



H 


















) | • • • 


I Tap 




126 | 127 I 


| 128 | • • • 


IH 


254 | 255 | 



Figure 23. Serial Pointer for Split-Register Read - Case II 



split-register programmable stop point 

The SM J551 61 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve two-dimensional drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose length is programmed via row addresses A4-A7 in a CBR set (CBRS) 
cycle. The last serial-address location of each partition is the stop point (see Figure 24). 



127 128 



255 



Partltlon_ 
Length 



A 

-+ 



Points 



Figure 24. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Stop-p oint mode is not active until the CBRS cycle i s initi ated. The CBRS o perati on is performed by holding 
CASx and WE low and DSF high on the falling edge of RAS. The falling edge of RAS also lathes row addresses 
A4-A7 which are used to define the SAM's partition length. The other row-address inputs are don't cares. 
Stop-point mode should be initiated after the initialization cycles are performed (see Table 3). 

Table 3. Programming Code for Stop-Point Mode 



MAXIMUM 
PARTITION 
LENGTH 


ADDRESS AT RAS IN CBRS CYCLE 


NUMBER OF 
PARTITIONS 


STOP-POINT LOCATIONS 


A8 


A7 


A6 


A5 


A4 


A0-A3 


16 


X 


L 


L 


L 


L 


X 


16 


15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 
191,207, 223, 239,255 


32 


X 


L 


L 


L 


H 


X 


8 


31, 63, 95, 127, 159, 191, 223, 255 


64 


X 


L 


L 


H 


H 


X 


4 


63, 127, 191,255 


128 
(default) 


X 


L 


H 


H 


H 


X 


2 


127,255 



In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines the SAM 
partition in which the serial output begins and at which stop point the serial output stops coming from one half 
of the SAM and switches to the opposite half of the SAM (see Figure 25). 



RAS 



v Full y v Split , 

\Read XFER / \Read XFER / 



Split 
v Read XFER 



Split 
Read XFER, 



Tap = H1 



SC 



Tap = L1 

H1 

AA-... 




L1 



SAM Low Half 
63 



L2 



127 128 



H1 



SAM High Half 
191 



H2 255 



Figure 25. Example of Split-Register Operation With Programmable Stop Points 
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256-/51 2-blt compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible with both 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AY8 are internally swapped to assure compatibility (see Figure 26). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit AY8 is a don't care and AY7 
decodes the DRAM row half for the split-register transfer. During stop-point mode, a CBR (option reset) cycle 
is not recommended, because this ends the stop-point mode and restores address bits AY7 and AY8 to their 
normal functions. Consistent use of CBR cycles ensures that the SMJ55161 remains in normal mode. 



NONSTOP-POINT MODE 
AY8 = 0 AY8 = 1 

AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 1 



STOP-POINT MODE 
AY8 = 0 AY8 = 1 

AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 1 




255 



512x512 
Memory Array 



256-Bit 
Data Register 




512x512 
Memory Array 



256- Bit 
Data Register 



255 



Figure 26. DRAM-to-SAM Mapping, Nonstop-Point Versus Stop Point 

IMPORTANT: For proper device operation, a stop-point-mode (CBRS) cycle should be initiated immediately 
after the power-up initialization cycles are performed. 



power up 



To achi eve pr oper device operation, an initial pause of 200 jxs is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are required to initialize the SAM port. 

After initialization, the internal state of the SMJ551 61 is as follows: 





STATE AFTER INITIALIZATION 


QSF 

Write mode 
Write-mask register 
Color register 
Serial-register tap point 
SAM port 


Defined by the transfer cycle during initialization 

Nonpersistent mode 

Undefined 

Undefined 

Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1) , -1 V to 7 V 

Voltage range on any pin -1 V to 7 V 

Short-circuit output current 50 mA 

Power dissipation 1.1 W 

Operating free-air temperature range, 55°C to 1 25°C 

Storage temperature range, T s t g -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vss Supply voltage 


0 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


-55 125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SAM 
PORT 


'55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


lOH =~ 1 mA 




2.4 


2.4 


V 


Vol Low-level output voltage 


lOL = 2 mA 




0.4 


0.4 


V 


l| Input current (leakage) 


V C C = 5.5 V, 

V| = 0Vto5.8V, 

All other pins at 0 V to Vcc 




±10 


±10 


HA 


lO Output current (leakage) (see Note 3) 


Vcc - 5.5 V, Vo = 0 V to Vcc 




±10 


±10 


MA 


ICC1 Operating current § 


See Note 4 


Standby 


165 


160 


mA 


'CC1A Operating current § 


tc(sc) - MIN 


Active 


210 


195 


mA 


ICC2 Standby current 


All clocks = Vcc 


Standby 


12 


12 


mA 


'CC2A Standby current 


tc(SC) = MlN 


Active 


70 


65 


mA 


ICC3 RAS-only refresh current 


See Note 4 


Standby 


165 


160 


mA 


'CC3A RAS-only refresh current 


tc(sc) = MIN, See Note 4 


Active 


215 


195 


mA 


'CC4 Page-mode current § 


tc(p) = MIN, See Note 5 


Standby 


100 


95 


mA 


•CC4A Page-mode current § 


tc(sc) ■ MIN, See Note 5 


Active 


145 


130 


mA 


'CC5 CBR current 


See Note 4 


Standby 


165 


160 


mA 


'CC5A CBR current 


tcfscy ^MIN, See Note 4 


Active 


210 


195 


mA 


ICC6 Data-transfer current 


See Note 4 


Standby 


180 


170 


mA 


'CC6A Data-transfer current 


tc(SC) ~ M,N 


Active 


225 


200 


mA 



* For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 
§ Measured with outputs open 

NOTES: 3. SE is disabled for SQ output leakage tests. 



4. Measured with one address change while RAS = V|jj tc( rC j), tyw), tc(TRD) - MIN 

5. Measured with one address change while CASx = V|h 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


°i(A) 


Input capacitance, address inputs 










5 


10 


pF 


Cj(RC) 


input capacitance, address-strobe inputs 










8 


10 


PF 




input capacitance, write-enable input 










7 


10 


PF 


Ci(SC) 


Input capacitance, serial clock 










6 


10 


PF 


C|(SE) 


input capacitance, serial enable 










7 


10 


PF 


Cj(DSF) 


Input capacitance, special function 










7 


10 


PF 


CjfTRG) 


Input capacitance, transfer-register input 










7 


10 


PF 


C 0 (0) 


Output capacitance, SQ and DQ 










12 


15 


PF 


C 0 (QSR 


Output capacitance, QSF 










10 


12 


PF 


NOTE 6: 


Vqc = 5 V ± 0.5 V, and the bias on pins under test is 0 V. 














switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 


PARAMETER 


TEST 


ALT. 


'55161-70 


'55161-80 


UNIT 


CONDITIONSt 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


! a(C) 


Access time from CASx 


td(RLCL) = MAX 


tCAC 


20 


20 


ns 


ta(CA) 


Access time from column address 


kl(RLCL) "MAX 


*AA 


35 


40 


ns 


*a(CP) 


Access time from CASx high 


td(RLCL) as MAX 


*CPA 


40 


45 


ns 


ta(R) 


Access time from RAS 


td(RLCL) - MAX 


*RAC 


70 


80 


ns 


^(G) 


Access time of DQ from TRG low 




tOEA 


20 


20 


ns 


*a(SQ) 


Access time of SQ from SC high 


C L = 30 pF 


tSCA 


20 


25 


ns 


ta(SE) 


Access time of SQ from SE low 


Cl = 30 pF 


tSEA 


15 


20 


ns 


tdis(CH) 


Disable time, random output from CASx high 
(see Note 8) 


Cl = 50 pF 


tOFF 


0 


20 


0 


20 


ns 


tdis(RH) 


Disable time, random output from RAS high 
(see Note 8) 


Cl = 50 pF 




0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from TRG high 
(see Note 8) 


Cl = 50 pF 


tOEZ 


0 


20 


0 


20 


ns 


tdis(WL) 


Disable time, random output from WE low 
(see Note 8) 


CL = 50pF 


tWEZ 


0 


20 


0 


20 


ns 


tdis(SE) 


Disable time, serial output from SE high 
(see Note 8) 


C L =30pF 


tSEZ 


0 


15 


0 


20 


ns 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

NOTES: 7. Switching times for RAM-port output are measured with a load equivalent to 1 TTL load and 50 pF. Data-out reference level: 
Voh / v OL ■ 2 V/0.8 V. Switching times for SAM-port output are measured with a load equivalent to 1 TTL load and 30 pF. Serial-data 
out reference level: Voh / v OL ■ 2 v /° 8 v - 
8 - tdistCH), t dis(RH)« ^188(0). t dis( WL). a nd klis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





Al T 
ALI. 

SYMBOL 


'55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


tyrd) Cycle time, read 


tpp 


130 


150 


ns 


tc(W) Cycle time, write 




130 


150 


ns 


tc(rdW) Cycle time, read-modify-write 


tPMVAf 


175 


200 


ns 


Wp) Cycle time, page-mode read, write 


tpf* 


45 


50 


ns 


tc(RDWP) Cycle time, page-mode read-modify-write 


tPRMW 


85 


90 


ns 


tcfTRD) Cycle time, transfer read 


tRC 


130 


150 


ns 


*c(SC) Cycle time, serial clock (see Note 9) 




22 


30 


ns 


*w(CH) Pulse duration, CASx high 


^CPN 


10 


10 


ns 


*w(CL) Pulse duration, CASx low (see Note 10) 




20 10 000 


20 10 000 


ns 


*w(RH) Pulse duration, RAS high 


tRp 


50 


60 


ns 


*w(RL) Pulse duration, RAS low (see Note 1 1 ) 


tp/\s 


70 10 000 


80 10 000 


ns 


tw(WL) Pulse duration, WE low 


tyVP 


10 


15 


ns 


*w(TRG) Pulse duration, TRG low 




20 


20 


ns 


t w (scH) Pulse duration, SC high 


tQP 


8 


10 


ns 


t w (SCL) Pulse duration, SC low 


tQPP 


8 


10 


ns 


tw(GH) Pulse duration, TRG high 


tjp 


20 


20 


ns 


*w(RL)P Pulse duration, RAS low (page mode) 


tRACp 
l nnOr 


70 100 000 


80 100 000 


ns 


*su(CA) Setup time, column address before CASx low 




0 


0 


ns 


tsu(SFC) Setup time, DSF before CASx low 


TOV/ 


0 


0 


ns 


*su(RA) Setup time, row address before RAS low 


^ASR 


0 


0 


ns 


tsu(WMR) Setup time, WE before RAS low 


tyvsR 


0 


0 


ns 


tsu(DQR) Setup time, DQ before RAS low 




0 


0 


ns 


t su (XRG) Setup time, TRG high before RAS low 


tjHS 


0 


0 


ns 


*su(SFR) Setup time, DSF low before RAS low 


tpsR 


0 


0 


ns 


tsu(DCL) Setup time, data valid before CASx low 


tDSC 


0 


0 


ns 


t su (QWL) Setup time, data valid before WE low 


tDSW 


0 


0 


ns 


t su(rd) Setup time, read command, WE high before CASx low 


tRCS 


0 


0 


ns 


t su (wCL) Setup time, early-write command, WE low before CASx low 


twcs 


0 


0 


ns 


t S u(WCH) Setup time, WE low before CASx high, write 


tCWL 


15 


20 


ns 


*su(WRH) Setup time, WE low before RAS high, write 


tRWL 


20 


20 


ns 


th(CLCA) Ho, d * ime . column address after CASx low 


tCAH 


10 


15 


ns 


th(SFC) Ho,d time . °SF after CASx low 


tCFH 


15 


15 


ns 


*h(RA) Hold time, row address after RAS low 


tRAH 


10 


10 


ns 



t Timing measurements are referenced to V|l max and Vm min. 
NOTES: 9. Cycle time assumes tt ■ 3 ns. 

10. In a read- modify -write cycle, td(CLWL) and tsu(WCH) must De observed. Depending on the user's transition times, this can require 
additional CASx low time [t w (CL)l- 

11 . In a read- modif y-write cycle, td(RLWL) and *su(WRH) must 08 observed. Depending on the user's transition times, this can require 
additional RAS low time [t w (R|_)L 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) t 





ALT. 
SYMBOL 


•55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


*h (TRG) Ho,d t ' me « TRG af * er RAS low 


*THH 


15 


15 


ns 


th(RWM) Hold time, write mask after RAS low 


tRWH 


15 


15 


ns 


th(RDQ) Hold time, DQ after RAS low (write-mask operation) 


tMH 


15 


15 


ns 


th(SFR) Hold time, DSF after RAS low 


*RFH 


10 


10 


ns 


th(RLCA) Hold time, column address valid after RAS low (see Note 1 2) 


*AR 


30 


35 


ns 


th(CLD) Hold time, data valid after CASx low 


tDH 


15 


15 


ns 


th(RLD) Hold time, data valid after RAS low (see Note 12) 


*DHR 


35 


35 


ns 


th(WLD) Hold time, data valid after WE low 


tDH 


15 


15 


ns 


th(CHrd) Hold time, read, WE high after CASx high (see Note 13) 


tRCH 


0 


0 


ns 


th(RHrd) Hold time, read, WE high after RAS high (see Note 1 3) 


tRRH 


0 


0 


ns 


th(CLW) Hold time, write, WE low after CASx low 


tWCH 


15 


15 


ns 


th(RLW) Hold time, write, Wl low after RAS low (see Note 12) 


tWCR 


35 


35 


ns 


th(WLG) Hold time, TRG high after WE low (see Note 14) 


tOEH 


10 


10 


ns 


th(SHSQ) Hold time, SQ valid after SC high 


tS0H 


2 


2 


ns 


th(RSF) Hold time, DSF after RAS low 


tFHR 


35 


35 


ns 


th(CLQ) Hold time, output valid after CASx low 


tDHC 


0 


0 


ns 


td(RLCH) Delay time, RAS low to CASx high 




tCSH 


70 


80 


ns 


See Note 15 


tCHR 


10 


15 


td(CHRL) Delay time, CASx high to RAS low 


tCRP 


0 


0 


ns 


td(CLRH) Delay time, CASx low to RAS high 


tRSH 


20 


20 


ns 


td(ci_WL) Delay time, CASx low to WE low (see Notes 1 6 and 1 7) 


tCWD 


45 


50 


ns 


td(RLCL) Delay time, RAS low to CASx low (see Note 18) 


tRCD 


20 50 


20 60 


ns 


*d(CARH) Delay time, column address valid to RAS high 


tRAL 


35 


40 


ns 


t<j(CACH) Delay time, column address valid to CASx high 


tCAL 


35 


40 


ns 


td(RLWL) Delay time, RAS low to WE low (see Note 1 6) 


tRWD 


95 


105 


ns 


td(CAWL) Delay time, column address valid to WE low (see Note 1 6) 


tAWD 


60 


65 


ns 


td(CLRL) Delay time, CASx low to RAS low (see Note 1 5) 


tCSR 


0 


o 


ns 


td(RHCL) Delay time, RAS high to CASx low (see Note 1 5) 


tRPC 


0 


0 


ns 


td(CLGH) Delay time, CASx low to TRG high for DRAM read cycles 




20 


20 


ns 


td(GHD) Delay time, TRG high before data applied at DQ 


tQED 


15 


15 


ns 



t Timing measurements are referenced to V||_ max and Vm min. 



NOTES: 12. The minimum value Is measured when WrlcL) ' s set to td(RLCL) min as a reference. 

1 3. Either t n (RHrd) or td(CHrd) mus t D © satisfied for a read cycle. 

1 4. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

15. CBR refresh operation only 

16. Read-modify-write operation only 

1 7. TRG must disable the output buffers prior to ap plying data to the DQ pins. 

1 8. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued)t 





ALT. 
SYMBOL 


'55161-70 


'55161-80 


UNIT 


MIN MAX 


MIN MAX 


td(RLTH) Delay time, RAS low to TRG high (see Note 1 9) 


tRTH 


55 


60 


ns 


td(RLSH) Delay time, RAS low to first SC high after TRG high (see Note 20) 


tRSD 


70 


80 


ns 


KJiHLCA) L/oioy who, rv/Ao iuw xo ouiuiiiii auuioas vaiiu 


tRAD 


15 1R 


15 Af\ 


ns 


♦ 1 i i\ r^Ala\/ lima TQO Ism** DAC hi'/iki 

*d(GLRH) ueiay umo, i nva low ro nno nign 


tROH 


on 


OA 


ns 


t j if\t mmi Dolflw timet f^AQv ln\u in firot Qf* hinh affar TPf5 hinh /coo Mnto Ofrt 

*Q(CLon) i^oiay uiiio, vnox iuw iu ursi ou niyii aner i nva iiiyii ^see inuio c\j) 


tcSD 


on 




ns 


td(SCTR) Delay time, SC high to TRG high (see Notes 1 9 and 20) 


*TSL 


5 


5 


ns 


kKTHRH) Delay time, TRG high to RAS high (see 1 9) 


tTRD 


-10 


-10 


ns 


kKTHRL) Delay time, TRG high to RAS low (see Note 21 ) 


tTRP 


50 


60 


ns 


kKTHSC) Delay time, TRG high to SC high (see Note 1 9) 


tTSD 


15 


20 


ns 


Delay time, RAS high to last (most significant) rising edge of SC before 
td(RHMS) boundary switch during split-register-transfer read cycles 




20 


20 


ns 


tdfCLTH) Delay time, CASx low to TRG high in real-time-transfer read cycles 


tCTH 


15 


15 


ns 


td (CASH) Delay time, column address to first SC in early-load-transfer read cycles 


tASD 


25 


30 


ns 


. Delay time, column address to TRG high in real-time-transfer read 
td(CAGH) cycles 


tATH 


20 


20 


ns 


td(DCL) Delay time, data to CASx low 


tDZC 


0 


0 


ns 


td(DGL) Delay time, data to TRG low 


tQZO 


0 


0 


ns 


Delay time, last (most significant) rising edge of SC to RAS low before 
kJ(MSRL) boundary switch during split-register-transfer read cycles 




20 


20 


ns 


Delay time, last (1 27 or 255) rising edge of SC to QSF switching at the 
kl(SCQSF) boundary during split-register-transfer read cycles (see Note 22) 


to/"M^ 

l oUU 


25 


30 


ns 


. Delay time, CASx low to QSF switching in transfer-read cycles 
td(CLQSF) (see Note 22) 


tCQD 


30 


35 


ns 


Delay time, TRG high to QSF switching in transfer-read cycles 
*d(GHQSF) (see Note 22) 


tTQD 


25 


30 


ns 


. Delay time, RAS low to QSF switching in transfer-read cycles 
td(RLQSF) (see Note 22) 


tRQD 


70 


75 


ns 


trf(MA) Refresh time interval, memory 


tREF 


8 


8 


ms 


tt Transition time 


tT 


3 50 


3 50 


ns 



t Timing measurements are referenced to V||_ max and V|h min. 



NOTES: 19. Real-time-load transfer read or late-load-transfer read cycle only 

20. Early-load-transfer read cycle only 

21. Full-register-(read) transfer cycles only 

22. Switching times for QSF output are measured with a load equivalent to 1 TTL load and 30 pF, and output reference level is 
VOH/VQL = 2V/0.8V. 
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PARAMETER MEASUREMENT INFORMATION 



■ *w(RL) ■ 



tc(rd)- 



RAS 



■ td(RLCH) " 



-n 

-4-» 



W *d(CLRH) H j , 

! W — t<J(RLCL) — ►! I ! ! 



|<T-tw(RH)- 

i i ! 



CASx 




td(CHRL) 



■ *w(CL) ■ 



!| 

td(RLCA) 



"ft 



-hi 



' td(CARH) ' 



tsu(RA)-W I 

| j *su(CA) 



th(RLCA) 

L 1 



1 1 U 
J U* 



- td(CACH) " , t 
-►j- th(CLCA) j | 



i ! 
nil 
mi 

1 l [J 1 



A0-A8 




DQ0-DQ15 Data ,n 



Figure 27. Read-Cycle Timing With CASx-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 



! *- 



_ — HJ 

RAS 1^ 



*w(BL) 

- td(RLCH) - 



-te(rd) 



i ! 



4. 



I 



( | |4— t W (RH)— 

] I" H kl(CLRH) — w ! 

I M — td(RLCL) W I 

j44-tc, ( CHRL) [4-t W (CL)~>| j j 



CASx 



A0-A8 



DQ0-DQ15 




Figure 28. Read-Cycle Timing With RAS-Controlled Output 
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PARAMETER MEASUREMENT INFORMATION 



*c(W) 



RAS 



- t w (RL) ' 



CASx 



H p~ * 

| j«- td(RLCL) 
l4r-t<j(CHRL) U 



■ td(RLCH) ■ 



" td(CLRH) ■ 



p-MRH)-*, 




- *w(CL) ■ 



J r*"4~ *d(CHRL) 

Id 



th(RLCA) 
th(RA)^ p- ^ U+ t su(CA ) 

11 U 44- td(CAGH) 



td(RLCA) 



tsu(RA) ~*| 
A0-A8 TO(row 

tsil(SFR)-H |*J 




k4 



*j- th(CLCA) 
- *d(CARH) 



I 

a i 

-UI 



w(CH) - 



Column 



th(SFR) j#j j- 



DSF 



-*j j*j t 8U (SFC) 

th(RSF) M 

I | |« ^(SFC) 

! L1_ 



I I 
I I 
I I 



tsu(TRG)-*i jtf 



th(TRG) 



TRG 



tsu(WMR) 
th(RWM) 



I I 



TT 



" *su(WCH) — 
— *su(WRH) 



■ th(RLW) " 



WE 




-*\ N-j" t 8U (WCL) 



th(CLW) " 



*w(WL) " 



tsu(DQR)->| kf 



th(RDQ)-^| k- 



-*| j*{ tsu(DCL) 



th(CLD) " 



DQ0-DQ15 



■ th(RLD) " 



3^ 






Figure 29. Early-Write-Cycle Timing 
Table 4. Early-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 

H tc(W) 



RAS 



- *w(RL) " 



->| Mf td(CHRL) i 
| ' l^-tyRLCL)-*] 



■ td(RLCH) ' 



■ td(CLRH) " 



I 

:Hi. 



■ tw(RH) 




CASx 



td(RLCA) +-f* 



^1 I I 



" t W (CL) " 



j |+j [ *d(CHRL) " 

L>l k- t t 



I 



tsu(RA) 



th(RA) )>l 



- th(RLCA) 
*su(CA) 



1 ! 

1 u" 



1 rr 



- tw(CH) ■ 



A0-A8 



Row 




I I 

k' 



td(CACH) ■ 



->}— th(CLCA) 

td(CARH) 



I J 



Column 



tsu(SFR)->| |4f 



1 r 

th(RSF) 



DSF 



TRG 



th(SFR) j-W rt- 



TT 



Kt tsu(SFC) 

I H — -*f- tn ( SFC ) 

1L_ 1 " 



Wf - tsu(rd) 

n — ~ 



"H kf «»u(TRG) J I k 



• 'su(WRH) ■ 



I I 



( -f— td(GHD) 
-*| kf»su(WMR) 



! k- 



- t 8 u(WCH) ■ 



■ th(CLW) ■ 



WE 



th(RW M)-(--j>[ |«- 



I I 




th(RLW) 

k— 



■ th(WLG) 



I 



" *w(WL) * 



tsu(DWL)f>j *| 



tsu(DQR)->| k| ( ( 

I -*| th(RDQ) I I 

! M L- 1 



■ th(WLD) 



DQ0-DQ15 




*h(RLD) ■ 



Figure 30. Late-Write-Cycle Timing (Output-Enable-Controlled Write) 
Table 5. Late-Write-Cycle State Table 





CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 

«c(W)- 



RAS 



CASx 



A0-A8 



DSF 



TRG 



WE 



DQ0-DQ15 




th(RWMH — *| l<" 



Wf t 8U (DCL) 

k- th(CLD) - 



L 



- th(RLD) " 



Write Mask See Note A 



t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 31 . Load-Write-Mask-Register-Cycle Timing (Early-Write Load) 



Texas 
Instruments 

8-236 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ55161 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 



SGMS056-MAY1995 



PARAMETER MEASUREMENT INFORMATION 

H tc(W) 



RAS 



4^ 



" *w(RL) " 



CASx 



A0-A8 



J * 

I j N *d(RLCL) " 



td(RLCH)- 



i k— 



I i 

♦h(RA) j*j U 
tsu(RA) -X ftf | 



7* 



•«d(CLRH) ' M. | 

N-j-I^CHRL)- 

^tp — 



»w(CL)- 



I I 

-| — j — Refresh Row 



I' 



- *w(CH) " 



*Su(SFR) ->j (4y 
th(SFR) 



DSF 



TRG 




*h(RSF) 

->j f*f tsu(SFC) 

1 N ►h t h(SFC) 



I I 
I I 



I 




- t 8 u(WRH) • 



->j kf tsu(TRG) 
" td(GHD) 



tsu(WCH)- 



■ th(CLW) " 



^(WMR)-^ (<" 



WE 



th(RLW) 



• th(RWM) " 



h(RL 

k 



- *h(WLG) ■ 



tsu(DWL)-|>l - 



*w(WL) ' 



i I 



|* *h(WLD) 



DQ0-DQ15 



th(RLD) 



Write Maskt 



t Load-wrlte-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 32. Load-Write-Mask-Register-Cycle Timing (Late-Write Load) 
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PARAMETER MEASUREMENT INFORMATION 



A0-A8 



DQ0-DQ15 




Figure 33. Read-WriteVRead-Modify-Write-Cycle Timing 
Table 6. Read-Write-/Read-Modify-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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PARAMETER MEASUREMENT INFORMATION 



RAS ]\[_ 

HW kf^td(CHRL) 

cAsi 

tsu(RA) ->| 



tw(RH) ~>\ h 



A0-A8 



DSF 



TRG 



WE 



DQO- 
DQ15 




" td(DCL) 



NOTES: A. Access time is t a (CP) or ta(CA) dependent. 

B. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

C. A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as th e writ e an d read -modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CASx to select the desired 
write mode (normal, block write, etc.). 

Figure 34. Enhanced-Page-Mode Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

• t w (RL)P ' 




NOTES: A. Referenced to the first falling edge of GASx or the falling edge of WE, whichever occurs later 

B. A read cycle or a read-modify-write cycle can be i ntermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRQ must re main h igh throughout the entire page-mode operation if the late write 
feature i s used . If the early write-cycle timing is used, the state of TRQ is a don't care after the minimum period t n (TRG) from the falling 
edgeofRAS. 

Figure 35. Enhanced-Page-Mode Write-Cycle Timing 
Table 7. Enhanced-Page-Mode Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


- L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write mask on either the first falling edge of CASx or the 
falling edge of WE, whichever occurs later.t 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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34 \ 
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we fy j 3 y ; j 11^,^^0(888^0 a) is j j 



I | *su(WCH) - 

W" td(DCL) 
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Uf tw(TRG) 



1SL 



-*|kf tsu(DWL) 
th(WLD) — — >J 
->Hr- *d(GHD) I 




. td(GHD) 
t a (R) (see Note A) 



p Valid Out 

-H N- «dls(G) 
t a (C) (see Note A) 



NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are 
not violated. 

Figure 36. Enhanced-Page-Mode Read-Modify-Wrlte-Cycle Timing 
Table 8. Enhanced-Page-Mode Read-Modify-Write-Cycie State Tabie 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Dont care 


Valid data 


Load write-mask register on either the first falling edge of 
CASx or the falling edge of WE, whichever occurs later.t 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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See We A 
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Data 
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(see Note B) 
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tdis(WL) 
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\ 4 ► th(CLW) 
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NOTES: A. Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

B. A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as th e writ e an d read -modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CASx to select the desired 
write mode (normal, block write, etc.). 

Figure 37. Enhanced-Page-Mode Read-/Wrlte-Cycle Timing 
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Figure 38. Load-Color-Register-Cycle Timing (Early-Write Load) 
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Figure 39. Load-Color-Register-Cycle Timing (Late-Write Load) 
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Figure 40. Block-Write-Cycle Timing (Early Write) 
Table 9. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1 : I/O write enable 
Column-mask data DQi - DQi + 3 0: column-write disable 
(i - 0, 4, 8, 1 2) 1 : column-write enable 



Example: 

DQO — column 0 (address A1 * 0, AO ■ 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 ■ 1 , AO ■ 1) 
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Figure 41. Block-Write-Cycle Timing (Late Write) 
Table 10. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1: I/O write enable 
Column-mask data DQi - DQi + 3 0: column-write disable 
(i = 0, 4, 8, 1 2) 1 : column-write enable 



Example: 

DQO — column 0 (address A1 ■ 0, AO 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 » 1 , AO * 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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See Note A 



k4 t 8U (WMR) 



tsvi(DWL) (s«« Note A) 
\ Nt *su(DQR) 

j j*- *h(RDQ) ~>j 

I 



!! 



tsu(WCH) 
t w (WL) 



tsu(WCH) 

I 

►) — *su(WRH) 



, | I 

| W — H th(CLD) (see Note A) 
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NOTES: A. Referenced to the first falling ed ge of C ASx or the falling edge of WE, whichever occurs later 

B. To assure page-mode cycle time, TRG must rem ain hi gh throughout the entire page-mode operation if the late-write feature is used . 
If the early-write cycle timing is used, the state of TRG is a don't care after the minimum period th(TRG) from the falling edge of RAS. 

Figure 42. Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 11. Enhanced-Page-Mode Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Dont care 


Column mask 



Write-mask data 0: I/O write disable 

1: I/O write enable 
Column-mask data DQi - DQi + 3 0: column-write disable 

(i ■ 0, 4, 8, 1 2) 1 : column-write enable 



Example: 

DQO — column 0 (address A1 = 0, AO - 0) 
DQ1 — column 1 (address A1 ■ 0, AO ■ 1) 
DQ2 — column 2 (address A1 ■ 1 , AO ■ 0) 
DQ3 — column 3 (address A1 = 1 , AO * 1) 
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Figure 43. RAS-Only Refresh-Cycle Timing 
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Figure 44. CBR-Refresh-Cycle Timing 
Table 12. CBR-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop-point set and no reset 


Stop address 


H 


L 
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Figure 45. Hidden-Refresh-Cycle Timing 
Table 13. Hidden-Refresh-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop-point set and no option reset 


Stop address 


H 


L 
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NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial- read m ode (i.e., the SQ is enabled), allowing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. AO - A7: register tap point; A8: identifies the DRAM row half 

D. Early-load operation is defined as t n (TRG) min < t n rjRG) < td(RLTH) min. 

Figure 46. Full-Register Transfer-Read Timing, Early-Load Operations 
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NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial- read m ode (i.e., the SQ is enabled) , allowing data to be shifted 
out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive transition 
ofSC. 

C. A0-A7: register tap point; A8: identifies the DRAM row half 

D. Late load operation is defined as t<j(THRH) < 0 ns. 

Figure 47. Full-Register Transfer Read-Timing, Real-Time Load Operation/Late-Load Operation 
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NOTE A: A0-A6: tap point of the given half; A7: don't care; A8: identifies the DRAM row half 

Figure 48. Split-Register-Transfer-Read Timing 
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RAS 



TRG 



PARAMETER MEASUREMENT INFORMATION 
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SC 
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SE 



tc(SC) 

->J t w (SCH) 



— *c(SC) 
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— *w(SCH) 



• j , , I I W-tw(SCL)-W | I 



|« M— *a(SQ) 



■W— tySQ) 



-* |4jt h (SHSQ) ^(SHSQ) — \4 — H | 




Valid Out 



it 



th(SHSQ) — |4— -frl 



*J— *a(SQ) 



Valid Out 



it 



Valid Out 



- ta(SE) 



NOTES: A. While the data is being read through the serial-data register, TRG is a don't care; however TRG must be held high when RAS goes 
low. This is to avoid the initiation of a register-data transfer operation. 
B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be put 
into the read mode by performing a transfer-read cycle. 

Figure 49. Serial-Read-Cycle Timing (SE = Vil) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 



TRG 




VuCTRG)-^ % ^-thdRG) 



' *c(SC) - 



*w(SCH) - 



SC 



*J— «w(SCH) 

tw(SCL) • 



r~ — si ^ — v 



-frj— *w(SCH) 



r« — H — ta < sQ > 

-+| Ml — *h(SHSQ) 



-frj j«-ta(SE) 



SQ 



SE 



Valid Out 



H — W— tdis(SE) 



Valid Out 



it 



th(SHSQ) 



Valid Out 



NOTES: A. While the data is being read through the serial-data register, TRG is a don't care; however TRG must be held high when RAS goes 
low. This is to avoid the initiation of a register-data transfer operation. 
B. The serial data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be put into 
the read mode by performing a transfer-read cycle. 

Figure 50. Serial-Read Timing (Sf -Controlled Read) 
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PARAMETER MEASUREMENT INFORMATION 



RAS 
CASx 



ADDR DCZXZDC 



RowTapl 
(low) 



CASE I 



CASE II 



CASE III 



QSF 



Full-Register-Transfer Read 



•Vr 



RowTapl 
(high) 



y vr- 



— 



I RowTap2 
(low) 



-M— t 



Blt Tap2 ir Bit 

255 (low) 127 

-\ « r 




Split Register to the 
High Half of the 
Data Register 



Tapl^BltH Tap1 
(low) 127l (high) 

4 



| Split Register to the 
| Low Half of the 
j Data Register 



X—-—- 



RowTap2 
(high) 



Bit 

255 



Tap2 
(low) 



y tt- 

Split Register to the 
High Half of the 
Data Register 



J- 



NOTES: A. To achieve proper split-register operation, a full-register-transfer read must be performed before the first split-register-transfer 
cycle. This is necessary to initialize the data register and the starting tap location. First serial access can begin either after the 
full-register-transfer read cycle (CASE I), during the first split-register-transfer cycle (CASE II), or even after the first 
split-register-transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register transfer-read cycle 
and the first split-register cycle. 

B. A split-register transfer into the inactive half is not allowed until td (MSRL) ' s met. *d (MSR L) ' s tne minimum delay time between the 
rising edge of the serial clock of the last bit (bit 1 27 or 255) and the falling edge of RAS of the split-register-transfer cycle into the 
inactive half. After the td(MSRL) requirement is met, the split-register transfer into the i nactiv e half must also satisfy the minimum 
tyRHMS) requirement. td(RHMS) istne minimum delay time between the rising edge of RAS of the split-register-trahsfer cycle into 
the inactive half and the rising edge of the serial clock of the last bit (bit 1 27 or 255). 

Figure 51. Split-Register Operating Sequence 
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device symbolization 




Speed (-70, -80) 

Temperature Range 
Package Code 



Lot Traceablllty Code 
Date Code 
Assembly Site Code 
Die Revision Code 
Wafer Fab Code 
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• Organization: 

- DRAM: 262144 Words x 16 Bits 

- SAM: 256 Words x 16 Bits 

• Dual-Port Accessibility - Simultaneous and 
Asynchronous Access From the DRAM and 
SAM Ports 

• Data-Transfer Function From the DRAM to 
the Serial-Data Register 

• (4 x 4) x 4 Block-Write Feature for Fast 
Area-Fill Operations; As Many as Four 
Memory-Address Locations Written Per 
Cycle From the 16-Bit On-Chip Color 
Register 

• Write-Per-Bit Feature for Selective Write to 
Each RAM I/O; Two Write-Per-Bit Modes to 
Simplify System Design 

• Byte Write Control (WEL, WEU) Provides 
Flexibility 

• Extended Data Output for Faster System 
Cycle Time 

• Enhanced Page-Mode Operation for Faster 
Access 

• CAS-Before-RAS (CBR) and 
Hidden-Refresh Modes 

• Long Refresh Period 

Every 8 ms (Max) 

• Up to 45-MHz Uninterrupted Serial-Data 
Streams 

• 256 Selectable Serial-Register Starting 
Locations 

• SE-Controlled Register-Status QSF 

• Split-Register-Transfer Read for Simplified 
Real-Time Register Load 

• Programmable Split-Register Stop Point 

• 3-State Serial Outputs Allow Easy 
Multiplexing of Video-Data Streams 

• All Inputs/Outputs and Clocks TTL 
Compatible 

• Compatible With JEDEC Standards 

• Texas Instruments EPIC™ CMOS Process 

• Designed to Work With the 

Texas Instruments Graphics Family 

• Performance Ranges: 



HKC PACKAGE 
(TOP VIEW) 
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TRQ C 
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DSE 


vss C 
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Dvss 


SQO C 
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3 SQ15 


DQO C 


5 
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3 DQ15 


SQ1 C 
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59 


3 SQ14 


DQ1 C 
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3 DQ14 


vccC 
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3 v cc 


SQ2 C 


9 
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3 SQ13 
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3 DQ13 
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v S s C 
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22 




43 


3 DQ8 


vss C 


23 
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3 v ss 


WEL C 
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3 DSF 


WEU C 
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3 NC/QND 


RAS L" 
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3 CAS 


A8 C 
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3 QSF 


A7 C 
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□ AO 


A6 C 


29 
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Dm 
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A4 C 
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34 


=3 A3 


vccC 


32 
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PIN NOMENCLATURE 


A0-A8 


Address Inputs 


CAS 


Column-Address Strobe 


DQ0-DQ15 


DRAM Data I/O, Write Mask Data 


DSF 


Special-Function Select 


NC/GND 


No Connect/Ground (Important: Not 




connected internally to Vss) 


QSF 


Special-Function Output 


RAS 


Row-Address Strobe 


SC 


Serial Clock 


SE 


Serial Enable 


SQ0-SQ15 


Serial-Data Output 


TRG 


Output Enable, Transfer Select 


vcc 


5-V Supply CTYP) 


Vss 


Ground 


WEL, WEU 


DRAM Byte-Write-Enable Selects 





ACCESS TIME 


ACCESS TIME 


DRAM 


DRAM 


SERIAL 


OPERATING CURRENT 


OPERATING CURRENT 




ROW ENABLE 


SERIAL DATA 


CYCLE TIME 


PAGE MODE 


CYCLE TIME 


SERIAL PORT STANDBY 


SERIAL PORT ACTIVE 




ta(R) 


ta(SQ) 


tc(W) 


tc(P) 


tc(SC) 


■CC1 


'CC1A 




(MAX) 


(MAX) 


(MIN) 


(MIN) 


(MIN) 


(MAX) 


(MAX) 


SMJ551 66-70 


70 ns 


20 ns 


130 ns 


45 ns 


22 ns 


165 mA 


210 mA 


SMJ551 66-80 


80 ns 


25 ns 


150 ns 


50 ns 


30 ns 


160 mA 


195 mA 



EPIC is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information is current as of j 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
tasting of all parameters. 
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GB PACKAGE 
(BOTTOM VIEW) 
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GB Package Pin Assignments — By Location 
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NO. 


NAME 




NAME 


NO. 
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NAME 


J1 
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J3 


DQ3 


J4 
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J5 


DQ5 


J6 


DQ6 


J7 


SQ7 


JO 
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J9 


A8 


H1 


DQO 
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H3 
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H4 


SQ4 


H5 
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H6 


SQ6 


H7 
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Gl 
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G2 
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G4 
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B9 


AO 


A1 


SQ14 


A2 


SQ13 


A3 


SQ12 


A4 


SQ11 


A5 


SQ10 


A6 SQ9 


A7 


DQ9 


A8 


DQ8 


A9 


QSF 



GB Package Pin Assignments — By Signals 
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SQ9 


A6 


VDD1 


F7 


VSS2 


G4 


A7 


H9 
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description 

The SMJ55166 multiport video RAM- is a high-speed dual-ported memory device. It consists of a dynamic 
random-access memory (DRAM) organized as 262 1 44 words of 1 6 bits each interfaced to a serial-data register 
[serial-access memory (SAM)] organized as 256 words of 16 bits each. The SMJ55166 supports three basic 
types of operation: random access to and from the DRAM, serial access from the serial register, and transfer 
of data from any row in the DRAM to the serial register. Except during transfer operations, the SMJ551 66 can 
be accessed simultaneously and asynchronously from the DRAM and SAM ports. 

The SMJ55166 is equipped with several features designed to provide higher system-level bandwidth and to 
simplify design integration on both the DRAM and SAM ports. On the DRAM port, greater pixel draw rates are 
achieved by the device's (4 x 4) x 4 block-write feature. The block-write mode allows 1 6 bits of data (present 
in an on-chip color-data register) to be written to any combination of fou r adjacent column-address locations. 
As many as 64 bits of data can be written to memory during each CAS cycle time. Also on the DRAM port, a 
write mask or a write-per-bit feature allows masking of any combination of the 1 6 inputs/outputs on any write 
cycle. The persistent write-per-bit feature uses a mask register that, once loaded, can be used on subsequent 
write cycles without reloading. The SMJ55166 also offers byte control. Byte control can be applied in write 
cycles, block-write cycles, load-write-mask-register cycles, and load-color-register cycles. The SMJ551 66 also 
offers extended-data-output mode. The extended-data-output mode is effective in both the page-mode and 
standard DRAM cycles. 

The SMJ55166 offers a split-register-transfer read (DRAM to SAM) feature for the serial register (SAM port). 
This feature enables real-time register load implementation for truly continuous serial-data streams without 
critical timing requirements. The register is divided into a high half and a low half. While one half is being read 
out of the SAM port, the other half can be loaded from the memory array. For applications not requiring real-time 
register load (for example, loads done during CRT-retrace periods), the full-register mode of operation is 
retained to simplify system design. 

The SAM port is designed for maximum performance. Data can be accessed from the SAM at serial rates up 
to 45 MHz. During the split-register-transfer read operations, internal circuitry detects when the last bit position 
is accessed from the active half of the register and immediately transfers control to the opposite half. A separate 
output, QSF, is included to indicate which half of the serial register is active. 

All inputs, outputs, and clock signals on the SM J551 66 are compatible with Series 54 TTL All address lines and 
data-in lines are latched on chip to simplify system design. All data outs are unlatched to allow greater system 
flexibility. 

The SMJ55166 employs state-of-the-art Tl enhanced performance implanted CMOS (EPIC) scaled-CMOS, 
double-level polysilicon/polycide gate technology for very-high performance combined with improved reliability. 

The SMJ55166 is offered in a 68-pin ceramic pin-grid-array package (GB suffix) and a 64-pin ceramic flatpack 
(HKC suffix). 

The SMJ55166 and other Tl multiport video RAMs are supported by a broad line of graphics processors and 
control devices from Tl. Table 1 provides pin descriptions. 
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functional block diagram 
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functional block diagram (continued) 
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Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 


CAS 


TRG 


WEx* 


DSF 


DSF 


RAS 


CAS§ 


RAS 


WEL 
WEU 
CAS 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 




CBR refresh (no reset) and stop-point 
set* 


L 


X 


L 


H 


X 


Stop 
Point* 


X 


X 


X 


CBRS 


CBR refresh (option reset) 1 1 


L 


x 


H 


l_ 


X 


x 


x 


x 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


x 


x 


SRT 


DRAM write 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM write 
(persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

Col Mask = H: Write to address/column enabled 
Write Mask = H: Write to I/O enabled 

X = Don't care 

t DQ0-DQ15 are latched on either the fi rst fa lling edge of WEx or the falling edge of CAS, whichever occurs later. 

* Logic L is selected when either or both WEL and WEU are low. 

§ The column address and block address are latched on the first falling edge of CAS. 
H CBRS cycle should be performed immediately after the powerup initialization cycle. 
#A0-A3,A8: don't care; A4-A7 : stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
*CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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Table 1. Pin Description Versus Operational Mode 



PIN 


DRAM 


TRANSFER 


QAM 


A0-A8 


Row, column address 


Row address, tap point 




CAS 


Column-address strobe, DQ output enable 


Tap-address strobe 




DQ 


DRAM data I/O, write mask 






DSF 


Block-write enable 

Wrrfft-mfl^k-roniQtpr InaH onnhlo 

Color-register load enable 
CBR (option reset) 


Split-register-transfer enable 




RAS 


Row-address strobe 


Row-address strobe 




SE 






SQ output enable, 
QSF output enable 


SC 






Serial clock 


SQ 






Serial-data output 


TRG 


DQ output enable 


Transfer enable 




WEL 
WEU 


Write enable, write-per-bit enable 






QSF 






Serial-register status 


NC/GND 


Either make no external connection or tie to system GND (Vss) 






v C c T 


5-V supply 






vss T 


Ground 







t For proper device operation, all Vqc pins must be connected to a 5-V supply and all Vss P' ns must be tied t0 ground. 



pin definitions 
address (A0-A8) 

Eighteen address bits are required to decode one of 262 1 44 storage cell lo cations. Nine row-address bits are 
set up on pins A0-A8 and latched onto the chip on the falling e dge o f RAS. Nine column-address bits are set 
up on pins A0-A8 and la tched onto the chip on t he fall ing edge of CAS. All addresses must be stable on or before 
the falling edge of RAS and the falling edge of CAS. 

During the full-register-transfer read operation, the states of A0-A8 are latch ed on the falling edge of RAS to 
select one of the 51 2 rows where the transfer occurs. At the falling edge of CAS, the column-address bits A0-A8 
are latched. The most significant column-address bit (A8) selects which half of the row is transferred to the SAM. 
The appropriate 8-bit column address (A0-A7) selects one of 256 tap points (starting positions) for the 
serial-data output. 

During the split-register-transfer read operation, address bit A7 is ignored at the falling edge of CAS. An internal 
counter selects which half of the register is used. If the high half of the SAM is currently in use, the low half of 
the SAM is loaded with the low half of the DRAM half row and vice versa. Column address (A8) selects the DRAM 
half row. The remaining seven address bits (A0-A6) are used to select 1 of 1 27 possible starting locations within 
the SAM. Locations 1 27 and 255 are not valid tap points. 

row-address strobe (RAS) 

RAS i s sim ilar to a chip enable so that all DRAM cycles and transfer c ycles are init i ated by the falling edge of 
RAS. RAS is a control input that latches the states of the row address, WEL, WEU, TRG, CAS, and DSF onto 
the chip to invoke DRAM and transfer functions of the SMJ551 66. 
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column-address strobe (CAS) 

CAS is a control input that latche s the states of the column address and DSF to control DRAM and transfer 
functions of the SMJ551 66. CAS also acts as output enable for the D RAM o utput pins DQ0-DQ1 5. In transfer 
operations, address bits A0-A8 are latched at the falling edge of CAS as the start position (tap) for the 
serial-data output (SQO -SQ1 5). 

output enable/transfer select (TRG) 

TRG selects either DRAM or transf er ope ration as RAS falls. For DRAM operation, TRG must be held high as 
RAS falls. During DRA M ope ration, TRG functions as an outpu t enable for the DRAM output pins DQ0-DQ1 5. 
For transfer operation, TRG must be brought low before RAS falls. 

write mask select, write enable (WEL, WEU) 

In DRAM operation, WEL enables data to be written to the lo wer by te ( DQ0- DQ7) and WEU enables data to 
be written to the upper byte (DQ8-DQ1 5) of t he DR AM. Both WEL and WEU have to be h eld hi gh t ogethe r to 
select the read mode. Bringing either or both WEL and WEU low selec ts the writ e mod e. WEL and WEU are 
al so us ed to select the DRAM write-per-bit mode. Holding either or both WEL and WEU low on the falling edge 
of RAS invokes the write-per-bit operation. The SM J551 66 supports both the nonpersistent write-per-bit mode 
and the persistent write-per-bit mode. 

special-function select (DSF) 

The DSF input is latched on the falling edge of RAS or the first falling edge of CAS, similar to an address. DSF 
determines which of the following functions are invoked on a particular cycle: 

• CBR refresh with reset (CBR) 

• CBR refresh with no reset (CBRN) 

• CBR refresh with no reset and stop-point set (CBRS) 

• Block write (BW) 

• Loading write-mask register for the persistent write-per-bit mode (LMR) 

• Loading color register for the block-write mode (LCR) 

• Split-register-transfer read (SRT) 

DRAM data I/O, write mask data (DQ0-DQ1 5) 

DRAM data is written or read through the common I/O DQ pins. The 3-state DQ-output buffers provide direct 
TTL compatibility (no pullup resistors) with a fanout of one Series 54 TTL load. Da ta out is the s ame polarity 
as data in. The outputs are in the high-impedance ( floatin g) s tate a s long as either TRG or CAS is held high. 
Data does not appear at the outputs until after both CAS and TRG have been brought low. The write mask is 
latched into the device via the random DQ pins by the falling edge of RAS and is used on all write-per-bit cycles. 
In a transfer operation, the DQ outputs remain in the high-impedance state for the entire cycle. 

serial data outputs (SQ0-SQ1 5) 

Serial data is read from SQ. SQ output buffers provide direct TTL compatibility (no pullup resistors) with a fanout 
of one Series 54 TTL load. The serial outputs are in the high-impedance (floating) state while the serial-enable 
pin, SE, is high. The serial outputs are enabled when SE is brought low. 

serial clock (SC) 

Serial data is accessed out of the data register from the rising edge of SC. The SMJ551 66 is designed to work 
with a wide range of clock duty cycles to simplify system design. There is no refresh requirement because the 
data registers that comprise the SAM are static. There is also no minimum SC clock operating frequency. 
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serial enable (SE) 

During serial-access operations, SE is used as an enable/disable for the SQ outputs. SE low enables the 
serial-data output. SE high disables the serial-data output. SE is also used as an enable/disable for output pin 
QSF. 

IMPORTANT: While SE is held high, the serial clock is not disabled. External SC pulses increment the internal 
serial-address counter regardless of the state of S^. This ungated serial-clock scheme minimizes access time 
of serial output from SE low because the serial-clock input buffer and the serial-address counter are not disabled 
bySE. 

special-function output (QSF) 

QSF is an output pin that indicates which half of the SAM is being accessed. When QSF is low, the serial-address 
pointer is accessing the lower (least significant) 1 28 bits of the SAM. When QSF is high, the pointer is accessing 
the higher (most significant) 128 bits of the SAM. QSF changes state upon crossing a boundary between the 
two SAM halves. 

During full-register-transfer operations, QSF can change state upon completing the cycle. This state is 
determined by the tap point loaded during the transfer cycle. QSF output is enabled by SE. If SE is high, the 
QSF output is in the high-impedance state. 

no connect/ground (NC/GND) 

NC/GND should be tied to system ground or left floating for proper device operation. Table 2 contains DRAM 
functions. 
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functional operation description 



Table 2. DRAM Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15T 


MNE 
CODE 


CAS 


TRG 


WEx* 


DSF 


DSF 


RAS 


CAS§ 


RAS 


WEL 
WEU 
CAS 


Reserved (do not use) 


L 


L 


L 


L 


X 


X 


X 


X 


X 


— 


CBR refresh (no reset) and stop-point 
set 11 


i 

L 


Y 
A 


i 

L 


u 
n 


X 


Stop 
Point* 


v 
A 


Y 
A 


Y 
A 


CBRS 


CBR refresh (option reset) II 


L 


X 


H 


L 


X 


X 


X 


X 


X 


CBR 


CBR refresh (no reset)* 


L 


X 


H 


H 


X 


X 


X 


X 


X 


CBRN 


DRAM write 

(nonpersistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


Write 
Mask 


Valid 
Data 


RWM 


DRAM block write 
(nonpersistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


Write 
Mask 


Col 
Mask 


BWM 


DRAM write 
(persistent write-per-bit) 


H 


H 


L 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RWM 


DRAM block write 
(persistent write-per-bit) 


H 


H 


L 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BWM 


DRAM write (nonmasked) 


H 


H 


H 


L 


L 


Row 
Addr 


Col 
Addr 


X 


Valid 
Data 


RW 


DRAM block write (nonmasked) 


H 


H 


H 


L 


H 


Row 
Addr 


Block 
Addr 
A2-A8 


X 


Col 
Mask 


BW 


Load write-mask register □ 


H 


H 


H 


H 


L 


Refresh 
Addr 


X 


X 


Write 
Mask 


LMR 


Load color register 


H 


H 


H 


H 


H 


Refresh 
Addr 


X 


X 


Color 
Data 


LCR 



Legend: 

Col Mask = H: Write to address/column enabled 
Write Mask - H: Write to I/O enabled 

X = Don't care 

t DQQ-DQ15 are latched on either the fi rst fa lling edge of WEx or the falling edge of CAS, whichever occurs later. 

* Logic L is selected when either or both WEL and WEU are low. 

§ The column address and block address are latched on the first falling edge of CAS. 
' CBRS cycle should be performed immediately after the power-up initialization cycle. 
#A0-A3,A8: don't care; A4-A7 : stop-point code 

II CBR refresh (option reset) mode ends persistent write-per-bit mode and stop-point mode. 
A CBR refresh (no reset) mode does not end persistent write-per-bit mode or stop-point mode. 

□Load-write-mask-register cycle sets the persistent write-per-bit mode. The persistent write-per-bit mode is reset only by the CBR (option reset) 
cycle. 
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enhanced page mode 

Enhanced page-mode operation allows faster memory access by keeping the same row address while selecting 
random column addresses. This mod e elim inates the ti me req uired for row-address setup, row-address hold, 
and address multiplex. The maximum RAS low time and CAS page cycle time used determines the number of 
columns that can be accessed. 

Unlike conventional page-mode operations, the enhanced page mode allows the SMJ55166 to operat e at a 
higher data bandwidth. Data retrieval begins as soon as the column address is valid rather than when CAS 
transitions low. A valid column address can be prese nted im mediately after the row-address hold time has been 
satisfied, usual ly well in advance of the falling edge of CAS. In this case, data is obtained after t a (c) max ( access 
time from CAS low) if t a (CA) max (access time from column address) has been satisfied. 

refresh 

CAS-before-RAS (CBR) refresh 

CBR refreshes are accomplished by bringing CAS low earlier than RAS. The external row address is ignored, 
and the refresh row address is generated internally. Three types of CBR refresh cycles are available. The CBR 
refresh (option reset) ends the persistent write-per-bit mode and the stop-point mode. The CBRN and CBRS 
refreshes (no reset) do not end the persistent write-per-bit mode or the stop-point mode. The 51 2 rows of the 
DRAM do not necessarily need to be refreshed consecutively as long as the entire refresh is completed within 
the required time period, trf^A)- The o utput buffers remain in the high-impedance state during the CBR refresh 
cycles regardless of the state of TRG. 

hidden refresh 

A hidden refresh is accomplished by holding CAS low in the DRAM read cycle and cycling RAS. The output data 
of the DRAM read cycle remains valid while the refresh is carried out. Like the CBR refresh, the refreshed row 
addresses are generated internally during the hidden refresh, 

RAS-only refresh 

A RAS-only refresh is accomplished by cycling RAS at every row address. Unless CAS and TRG are low, the 
output buffers r emain in the high-impedance state to conserve power. Externall y gen erated addresses must be 
supplied during RAS-only refresh. Strobing each of the 51 2 row addresses with RAS causes all bits in each row 
to be refreshed. 

extended data output 

The SM J551 66 features extended data output during DRA M acce sses. While RAS and T RG ar e low, the DRAM 
outp ut rem ain s valid . The output remains valid even when CAS returns high until WEx is low, TRG is high, or 
both CAS and RAS are high (see Figure 1 and Figure 2). The extended data-output mode functions in all read 
cycles including DRAM read, page-mode read, and read-modify-write cycles (see Figure 3). 



RAS 



\ 



CAS 



\ 



/ 



>| — tdls(RH) 



DQ0-DQ15 



< 



Valid Output 



> 



■H tdls(G) 



TRG 



\ r 



Figure 1. DRAM Read Cycle With RAS-Controlied Output 
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extended data output (continued) 



RAS 



CAS 

-H — td| 8 (CH) 



J 

DQ0-DQ15 



^ Valid Output ^ 

N H~ *dls(G) 

v_ / 



TRG 

Figure 2. DRAM Read Cycle With CAS-Controlled Output 



s a s r~ 



RAS 



CAS 



A0-A8 <XXX Row XXXXX Column XXXXX>C<XXXXXX Column 



I 

J I , I 




J I M 1 — j H t a (CP) 

t a( c) -j M M k_| ->J t a(CA ) 

ta (C A) — k »l * ta < C > 

I t h (CLQ) l« H i 

DQ0-DQ15 ^ Valid Output Valid Output 

V / — 



TRG 



Figure 3. DRAM Page-Read Cycle With Extended Output 
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byte-write operation 

Byte-write operations can be applied in D RAM-write cycles , blo ck-wr ite cycles, load-write-mask-register cycles, 
and loa d-colo r-register cycles. Holding either or both WEL and WEU low sel ects th e write mode. In normal write 
cycles, WEL enables data to be written to the lower byte (DQ0 -DQ7) and WEU en ables data to be writt en to 
the upper byte (DQ8-DQ1 5). Fo r early-write cycle s, one WEx is brought low before CAS falls. The other WEx 
can be brought low before CA S fall s or after CAS falls. The data is strobed in with data setup and hold times 
for DQ0-DQ1 5 referenced to CAS (see Figure 4). 



CAS 



RAS 



\ 




/ 
/ 



WlLt 



WEU 



\ 



/ 
/ 



*su(DCL) 



I 

I* 



■H *h(CLD) 



t Either WEU or WEL can be brought low prior to CAS to initiate an early-write cycle. 

Figure 4. Example of an Early- Write Cycle 
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byte-write operation (continued) 



For late-write or rea d-m odify-w rite cycles, WEL and WEU are both held high before CAS falls. After CAS falls, 
either or both WEL and WE U are b rou ght low to select the corresponding byte or bytes to be written. Data is 
strobed in by ei ther or both WEL and WEU with data setup and hold times for DQ0-DQ15 referenced to 
whichever WEx falls earlier (see Figure 5). 



RAS 



\ 



/ 



\ 



/ 



WEL 



WEU 



tsu(DWL) 



DQ0-DQ15 



\ 



*h(WLD) 



Valid Input 



Figure 5. Example of a Late-Write Cycle 
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write-per-bit 

The write-per-bit feature allows m askin g a ny co mbination of the 1 6 DQs on any writ e cyc le. The write-per-bit 
operation is inv oked when either WEL or WEU are held low on the falling edge of RAS. Assertion of either 
individual WEx allow s e ntry of the entire 16-bit mask on PQ0- DQ1 5. Byte control of the mask input is not 
allowed. If both WEL and WEU are held high on the falling edge of RAS, the write operation is performed without 
any masking. The SMJ55166 offers two write-per-bit modes: nonpersistent write-per-bit and persistent 
write-per-bit. 

nonpersistent write-per-bit 



When either or both WEL and WEU are low on the falling edge of RAS, the write mask is reloaded. A 1 6-bit binary 
code (the write-per-bit mask) is input to the device via the random DQ pins and latched on the falling ed ge of 
RAS. The write-per-bit mask selects which of the 1 6 random l/Os are to be written and which are not. After RAS 
has latched the on- chip w rite-per-bit mask, inpu t data is driven onto the DQ pi ns and is latched on either the 
first falling edge of WEx or the falling edge of C AS, w hichever occurs later. WEL enables the lower byte 
(DQ0-DQ7) to be written through the mask and WEU enables the upper byte (DQ8-DQ15) to be written 
through the mask. If a data low (write mask = 0) is strobed into a particular I/O pin on the falling edge of RAS, 
d ata is n ot written to that I/O. If a data high (write mask = 1 ) is strobed into a particular I/O pin on the falling edge 
of RAS, data is written to that I/O (see Figure 6). 



RAS 



CAS 



WEL 



\ 



WEU 

*8U(DGR) — 1« N 



/ 



\ 



/ 



th(RDQ) 
tsu(DWL) 



th(WLD) 



DQ0-DQ15 



Write Mask 



Write Input 



Figure 6. Example of a Nonpersistent Write-Per-Bit (Late-Write) Operation 
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persistent wrlte-per-blt 

The persistent write-per-bit mode is initiated by performing a load-write-mask-register (LMR) cycle. In the 
persistent write-per-bit mode, the write-per-bit mask is not overwritten but remains valid over an arbitrary 
number of write cycles until another LMR cycle is performed or power is removed. 

The LMR cycle is performed u sing D RAM write-cycle timing with DSF held high on the falling edge of RAS and 
held low on the falling edge o f CAS . A binary code is input to the writ e-ma sk register via the random I/O pins 
and latched on either the first WEx falling edge or the falling edge of CAS, whichever occurs later. Byte write 
control can be applied to the write mask during the LMR cycle. The persistent write-per-bit mode can then be 
used in exac tly the same way as the nonpersistent write-per-bit mode except that the input data on the falling 
edge of RAS is ignored. When the device is set to the persistent write-per-bit mode, it remains in this mode and 
is reset only by a CBR refresh (option reset) cycle (see Figure 7). 




Mask Data = 1 : Write to I/O enabled 
= 0 : Write to I/O disabled 

Figure 7. Example of a Persistent Write-Per-Bit Operation 
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block write 

The block-write feature allows up to 64 bits of data to be written simultaneously to one row of the memory array. 
This function is implemented as 4 columns x 4 DQs and repeated in four quadrants. In this manner, each of the 
four one-megabit quadrants can have up to four consecutive columns written at a time with up to four DQs per 
column (see Figure 8). 




4 Consecutive Columns of 0-511 

Figure 8. Block-Write Operation 

Each one-megabit quadrant has a 4-bit column mask to mask off any or all of the four columns from being written 
with data. Nonpersistent write-per-bit or persistent write-per-bit functions can be applied to the block-write 
operation to provide write-masking options. The DQ data is provided by four bits from the on-chip color register. 
Bits 0 -3 from the 1 6-bit write-mask register, bits 0 -3 from the 1 6-bit column-mask register, and bits 0 -3 from 
the 1 6-bit color-data register configure the block write for the first quadrant, while bits 4 -7, 8 - 11 , and 12-15 
of the corresponding registers control the other quadrants in a similar fashion (see Figure 9). 
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block write (continued) 




£ v 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 / 



Color Register 
Figure 9. Block Write With Masks 
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block write (continued) 

Every four columns make a block, which results in 1 28 blocks along one row. Block 0 comprises columns 0 -3, 
block 1 comprises columns 4 -7, block 2 comprises columns 8-11, etc., as shown in Figure 1 0. 

BlockO Blockl Block127 

, A ki A k , A 



One Row of 0-511 



0 1 2 3 4 5 6 7 511 

V . , / 

: v 

Columns 



Figure 10. Block Columns Organization 

During block- write cycles, only the seven most significant column addresses (A2 -A8) are latched on the falling 
edge of CAS to decode one of the 128 blocks. Address bits A0-A1 are ignored. Each one-megabit quadrant 
has the same block selected. 

A block-write cycle is entered in a manner similar t o a D RA M write cycle except DSF is held high on the first 
falling edge of CAS. As in a DRAM write operation, WEL and WEU enable the corresponding lower and upper 
DRAM DQ bytes to be writte n, respectively. The c olumn -mask data is input via the DQs and is latched on either 
the first falling edge of WEx or the falling edge of CAS, whichever occurs later. The 1 6-bit color-data register 
must be loaded prior to performing a block write as described below. Refer to the write-per-bit section for details 
on use of the write-mask capability, allowing additional performance options. 

Example of block write: 

block-write column address = 1 1 0000000 (AO -A8 from left to right) 



bit 0 bit 15 



color-data register 


= 1011 


1011 


1100 


0111 


write-mask register 


= 1110 


1111 


1111 


1011 


column-mask register 


= 1111 


0000 


0111 


1010 




1st 


2nd 


3rd 


4th 




Quad 


Quad 


Quad 


Quad 



Column-address bits AO and A1 are ignored. Block 0 (columns 0 -3) is selected for each one-megabit quadrant. 
The first quadrant has DQ0-DQ2 written with bits 0-2 from the color-data register (101 ) to all four columns 
of block 0. DQ3 is not written and retains its previous data due to write-mask-register-bit 3 being a 0. 

The second quadrant (DQ4-DQ7) has all four columns masked off due to the column-mask bits 4-7 being 0, 
so that no data is written. 

The third quadrant (DQ8-DQ11 ) has its four DQs written with bits 8-11 from the color-data register (1100) to 
columns 1 -3 of its block 0. Column 0 is not written and retains its previous data on all four DQs due to 
column-mask-register-bit 8 being 0. 

The fourth quadrant (DQ12-DQ15) has DQ12, DQ14, and DQ15 written with bits 12, 14, and 15 from the 
color-data register to column 0 and column 2 of its block 0. DQ13 retains its previous data on all columns due 
to the write mask. Columns 1 and 3 retain their previous data on all DQs due to the column mask. If the previous 
data for the quadrant was all 0s, the fourth quadrant would contain the data pattern shown in Figure 11 after 
the block-write operation shown in the previous example. 
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block write (continued) 




Columns 0 12 3 



Figure 11 . Example of Fourth Quadrant After Block-Write Operation 

load color register 

The load-color-register cycle is p erform ed using normal DRAM write-cycle timing except that DSF is held high 
on the falling edges of RAS an d CAS . The color register is loa ded from pins DQ0-DQ15, which are la tched 
on either the first falling edge of WEx or the falling edge of CAS, whichever occurs later. If only one WEx is low, 
only the corresponding byte of the color register is loaded. When the color register is loaded, it retains data until 
power is lost or until another load-color-register cycle is performed (see Figures 12 and 13). 



Load-Color-Register Cycle | Block-Write Cycle j Block-Write Cycle | 

I (no write mask) I (load and use write mask) j 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the falling edge of CAS. 

4. Color-register data 

5. Write-mask data: DQ0-DQ1 5 are latched on the falling edge of RAS. __ 

6. Column-mask data: DQi- DQi + 3 (i = 0, 4, 8, 1 2) are latched on either the first falling edge of WEx or the falling edge of CAS, whichever 
occurs later. 

«wwm^ = don't care 

Figure 12. Example of Block Writes 



^ Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



8-279 



SMJ55166 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SGMS057A- APRIL 1995- REVISED JUNE 1995 



load color register (continued) 



| Load-Mask-Register Cycle | Load-Color-Register Cycle j Persistent Block-Write Cycle 
| | | (use loaded write mask) 




Legend: 

1. Refresh address 

2. Row address 

3. Block address (A2-A8) is latched on the falling edge of CAS. 

4. Color-register data 

5. Write-mask data: DQ0-DQ1 5 are latched on the falling edge of CAS. 

6. Column-mask data: DQi-DQi + 3 (i = 0, 4, 8, 12) are latched on either the first WEx falling edge or the falling edge of CAS, whichever 
occurs later. 

= don't care 

Figure 13. Example of a Persistent Block Write 

DRAM-to-SAM transfer operation 

During the DRAM-to-SAM transfer operation, one half of a row (256 columns) in the DRAM arr ay is s elected 
to be tr ansfer red to the 256-bit serial-dat a reg ister. The transfer operation is invoked by bringing TRG lo w and 
holding WEx high on the falling edge of RAS. The state of DSF, which is latched on the falling edge of RAS, 
determines whether the full-register-transfer read operation or the split-register-transfer read operation is 
performed. 



Table 3. SAM Function Table 



FUNCTION 


RAS FALL 


CAS 
FALL 


ADDRESS 


DQ0-DQ15 


MNE 
CODE 


CAS 


TRG 


WExt 


DSF 


DSF 


RAS 


CAS 


RAS 


CAS 
WEx 


Full-register-transfer read 


H 


L 


H 


L 


X 


Row 
Addr 


Tap 
Point 


X 


X 


RT 


Split-register-transfer read 


H 


L 


H 


H 


X 


Row 
Addr 


Tap 
Point 


X 


X 


SRT 



t Logic L is selected when either or both WEL and WEU are low. 
X ■ dontcare 



8-280 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ55166 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SGMS057A - APRIL 1 995 - REVISED JUNE 1 995 



full-register-transfer read 

A full-register-transfer read operation loads data from a selected half of a row in the DRAM into the SAM. TRG 
is brought low and la tched at the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the 
falling edge of RAS to select one of the 512 rows available for the transfer. The nine column-address bits 
(AO - A8) are latched at the falling edge of CAS, where address bit A8 selects which half of the row is transferred. 
Address bits AO -A7 select one of the SAM 256 available tap points from which the serial data is read out (see 
Figure 14). 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



Figure 1 4. Full-Register-Transfer Read 

A full-register-transfer read can be performed in three ways: early load, real-time load (or midline load), or late 
load. Each of these offers the flexibility of controlling the TRG trailing edge in the full-register-transfer read cycle 
(see Figure 15). 



Early Load Real-Time Load Late Load 




Figure 15. Example of Full-Register-Transfer Read Operations 
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split-register-transfer read 

In the split-register-transfer read operation, the serial-data register is split into halves (see Figure 1 6). The low 
half contains bits 0 - 1 27, and the high half contains bits 1 28 - 255. While one half is being read out of the SAM 
port, the other half can be loaded from the memory array. 




512x512 
Memory Array 



256-Blt 
Data Register 



255 



Figure 16. Split-Register-Transfer Read 



To invoke a split-re giste r-transfer read cycle, DSF is brought high, TRG is brought low, and both are la tched at 
the falling edge of RAS. Nine row-address bits (A0-A8) are also latched at the falling edge of RAS to select 
one of the 51 2 rows avai lable for the transfer. Eight of the nine column-address bits (AO -A6 and A8) are latched 
at the falling edge of CAS. Column-address bit A8 selects which half of the row is to be transferred. 
Column-address bits AO- A6 select one of the 1 27 tap points in the specified half of the SAM. Column-address 
bit A7 is ignored, and the split-register-transfer is internally controlled to select the inactive register half 
(see Figure 17). 



p^S~^Sy ^FullXFER ^ ^ SplltXFER ^/ "N^ SplIt XFER ^ Ny Spllt XFERy /~ 



A8 = 0 



511 






511 



DRAM 



A 


B 






\ 


T 








-J 
















A 


B 


C 








1 














-I 







A 


B 


C 


D 








/ 



















i 



255 



C D 



0 f 2 55 

t A7 shown is internally controlled. 

Figure 17. Example of a Split-Register-Transfer Read Operation 



SQ 



"> SQ 



A 


B 


C 


D 


E 








\ 








-V 









255 

EH 

L — ► SQ 



A full-register-transfer read must precede the first split-register-transfer read to ensure proper operation. After 
the full-register-transfer read cycle, the first split-register-transfer read can follow immediately without any 
minimum SC clock requirement. 
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spllt-reglster-transfer read (continued) 

QSF indicates which half of the register is being accessed during serial-access operation. When QSF is low, 
the serial-address pointer is accessing the lower (least significant) 1 28 bits of the SAM. When QSF is high, the 
pointer is accessing the higher (most signifipant) 128 bits of the SAM. QSF changes state upon completing a 
full-register-transfer read cycle. The tap point loaded during the current transfer cycle determines the state of 
QSF. QSF also changes state when a boundary between two register halves is reached (see Figure 1 8 and 
Figure 19). 



RAS 



Full-Register-Transfer Read 
With Tap Point N 

~\ 



Split-Register- 
Transfer Read 



y 



CAS 





TRG 


\ i /\ 


\ / 




DSF 




/""A 




SC 






/ Tap\_ 




*d(CLQSF) — 1« j 


— n , 

► td(GHQSF) 


Point N 



QSF 



X! 



Figure 18. Example of a Split-Register-Transfer Read After a Full-Register-Transfer Read 



RAS 



CAS 



TRG 



DSF 



Split-Register- 
Transfer Read 
With Tap Point N 

A A 



r 



Split-Register- 
Transfer Read 



■\ r 



td(RHMS)H« ►! f ^(MSRL) 




QSF 



Figure 19. Example of Successive Split-Register-Transfer Read Operations 
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serial-read operation 

The serial-read operation can be performed through the SAM port simultaneously and asynchronously with 
DRAM operations except during transfer operations. Serial data can be read from the SAM by clocking SC 
starting at the tap point loaded by the preceding transfer cycle, proceeding sequentially to the most significant 
bit (bit 255), and then wrapping around to the least significant bit (bit 0), as shown in Figure 20. 



| Tap | — » • • • | 254 | 255 | 



Figure 20. Serial-Pointer Direction for Serial Read 



For split-register-transfer read operation, serial data can be read out from the active half of the SAM by clocking 
SC starting at the tap point loaded by the preceding split-register-transfer cycle. The serial pointer then proceeds 
sequentially to the most significant bit of the half, bit 127 or bit 255. If there is a split-register-transfer read to 
the inactive half during this period, the serial pointer points next to the tap point location loaded by that 
split-register-transfer (see Figure 21). 



1 
















0 


• • • 






| 128 




254 


255 | 



Figure 21 . Serial Pointer for Split-Register-Transfer Read - Case I 

If there is no split-register-transfer read to the inactive half during this period, the serial pointer points next to 
bit 1 28 or bit 0, respectively (see Figure 22). 



1 


r 












1 0 • 






| 128 • • • | Tap • • « 


• • | 254 | 255 | 



Figure 22. Serial Pointer for Split-Register-Transfer Read - Case II 



split-register programmable stop point 

The SMJ551 66 offers programmable stop-point mode for split-register-transfer read operation. This mode can 
be used to improve two-dimensional drawing performance in a nonscanline data format. 

In split-register-transfer read operation, the stop point is defined as a register location at which the serial output 
stops coming from one half of the SAM and switches to the opposite half of the SAM. While in stop-point mode, 
the SAM is divided into partitions whose lengths are programmed via row addresses A4-A7 in a CBR set 
(CBRS) cycle. The last serial-address location of each partition is the stop point (see Figure 23). 



127 128 



255 



Partition 
Length 



. Stop 
Points 



Figure 23. Example of the SAM With Partitions 
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split-register programmable stop point (continued) 

Sto p-poin t mode is not active until the CBRS cycle is initia ted. The CBRS oper ation is performed by holding CAS 
and WEx low and DSF high on the falling edge of RAS. The falling edge of RAS also latches row addresses 
A4-A7, which are used to define the SAM partition length. The other row-address inputs are don't cares. 
Stop-point mode should be initiated after the initialization cycles are performed (see Table 4). 



Table 4. Programming Code for Stop-Point Mode 



MAXIMUM 
PARTITION 
LENGTH 


ADDRESS AT RAS IN CBRS CYCLE 


NUMBER OF 
PARTITIONS 


STOP-POINT LOCATIONS 


A8 


A7 


A6 


A5 


A4 


A0-A3 


16 


X 


L 


L 


L 


L 


X 


16 


15, 31, 47, 63, 79, 95, 111, 127, 143, 159, 175, 
191,207,223, 239, 255 


32 


X 


L 


L 


L 


H 


X 


8 


31, 63, 95, 127, 159, 191, 223, 255 


64 


X 


L 


L 


H 


H 


X 


4 


63,127,191,255 


128 
(default) 


X 


L 


H 


H 


H 


X 


2 


127,255 



In stop-point mode, the tap point loaded during the split-register-transfer read cycle determines the SAM 
partition in which the serial output begins and at which stop point the serial output stops coming from one half 
of the SAM and switches to the opposite half of the SAM (see Figure 24). 



RAS 



— y Full V V Split / V Split /— — \ Split /— 

\Read XFER/ Vlead XFER/ \Read XFER/ \Read XFER/ 



Tap = HI 



SC 



Tap = L1 

H1 

y\/\_.... 



Tap = H2 



Tap = L2 



191 L1 



63 H2 



255 L2 



SAM Low Half 
L1 63 



L2 127 128 

ZD C 



SAM High Half 
H1 191 



H2 255 



Figure 24. Example of Split-Register Operation With Programmable Stop Points 
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256-/51 2-bit compatibility of split-register programmable stop point 

The stop-point mode is designed to be compatible with both 256-bit SAM and 512-bit SAM devices. After the 
CBRS cycle is initiated, the stop-point mode becomes active. In the stop-point mode, and only in the stop-point 
mode, the column-address bits AY7 and AY8 are internally swapped to assure compatibility (see Figure 25). 
This address-bit swap applies to the column address, and it is effective for all DRAM and transfer cycles. For 
example, during the split-register-transfer cycle with stop point, column-address bit AY8 is a don't care and AY7 
decodes the DRAM row half for the split-register-transfer. During stop-point mode, a CBR (option reset) cycle 
is not recommended because this ends the stop-point mode and restores address bits AY7 and AY8 to their 
normal functions. Consistent use of CBR cycles ensures that the SMJ551 66 remains in normal mode. 



NONSTOP POINT MODE 
AY8 = 0 AY8 = 1 

AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 1 



STOP-POINT MODE 
AY8 = 0 AY8 = 1 

AY7 = 0 AY7 = 1 AY7 = 0 AY7 = 1 




512x512 
Memory Array 



256-Bit 
Data Register 




512x512 
Memory Array 



256-Bit 
Data Register 



255 



255 



Figure 25. DRAM-to-SAM Mapping, Nonstop Point Versus Stop Point 

IMPORTANT: For proper device operation, a stop-point-mode (CBRS) cycle should be initiated immediately 
after the power-up initialization cycles are performed. 



power up 



To achi eve pr oper device operation, an initial pause of 200 ys is required after power up followed by a minimum 
of eight RAS cycles or eight CBR cycles to initialize the DRAM port. A full-register-transfer read cycle and two 
SC cycles are required to initialize the SAM port. 

After initialization, the internal state of the SM J551 66 is as follows: 





STATE AFTER INITIALIZATION 


QSF 

Write mode 
Write-mask register 
Color register 
Serial-register tap point 
SAM port 


Defined by the transfer cycle during initialization 

Nonpersistent mode 

Undefined 

Undefined 

Defined by the transfer cycle during initialization 
Output mode 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc (see Note 1 ) , - 1 V to 7 V 

Voltage range on any pin -1Vto7V 

Short-circuit output current 50 mA 

Power dissipation 1.1 W 

Operating free-air temperature range, - 55°C to 1 25°C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to Vss- 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Vcc Supply voltage 


4.5 5 5.5 


V 


Vss Supply voltage 


0 


V 


V|h High-level input voltage 


2.4 6.5 


V 


V|l Low-level input voltage (see Note 2) 


-1 0.8 


V 


Ta Operating free-air temperature 


-55 125 


°C 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used for logic-voltage levels only. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS* 


SAM 
PORT 


•55166-70 


'55166-80 


UNIT 


MIN MAX 


MIN MAX 


v OH High-level output voltage 


IOH=- 1mA 




2.4 


2.4 


V 


Vol Low-level output voltage 


lOL = 2 mA 




0.4 


0.4 


V 


l| Input current (leakage) 


V C C = 5.5 V, 

V| = 0Vto5.8V, 

All other pins at 0 V to Vcc 




±10 


±10 


ma 


. Output current (leakage) 
0 (see Note 3) 


Vcc = 5.5 V, Vq = 0 V to Vcc 




±10 


±10 


HA 


•GC1 Operating current^ 


See Note 4 


Standby 


165 


160 


mA 


'CC1 A Operating current § 


tc(sc) - MIN 


Active 


210 


195 


mA 


ICC2 Standby current 


All clocks = Vcc 


Standby 


12 


12 


mA 


'CC2A Standby current 


tc(SC) ■ MIN 


Active 


70 


65 


mA 


>CC3 RAS-only refresh current 


See Note 4 


Standby 


165 


160 


mA 


'CC3A RAS-only refresh current 


tc(sC) = M |N . See Note 4 


Active 


215 


195 


mA 


ICC4 Page-mode current^ 


tc(p) = MIN, See Note 5 


Standby 


100 


95 


mA 


•CC4A Page-mode current § 


tc(SC) = MIN, See Note 5 


Active 


145 


130 


mA 


ICC5 CBR current 


See Note 4 


Standby 


165 


160 


mA 


'CC5A CBR current 


tc(sc) ■ MIN, See Note 4 


Active 


210 


195 


mA 


'CC6 Data-transfer current 


See Note 4 


Standby 


180 


170 


mA 


'CC6A Data-transfer current 


tc(SC) - MIN 


Active 


225 


200 


mA 



* For conditions shown as MIN /MAX, use the appropriate value specified in the timing requirements. 
§ Measured with outputs open 

NOTES: 3. SE is disabled for SQ output leakage tests. 



4. Measured with one address change while RAS « V|i_.and tc( r d), tyw). tc(TRD) * MIN 

5. Measured with one address change while CASx = V|h 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 6) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


°i(A) 


Input capacitance, AO- A8 










5 


10 


PF 


Ci(RC) 


Input capacitance, CAS and RAS 










8 


10 


PF 


Cj(W) 


Input capacitance, WEL and WEU 










7 


10 


PF 


Ci(SC) 


Inputcapacitance.SC 










6 


10 


PF 


CtfSE) 


Input capacitance, SE 










7 


10 


PF 


C|(DSF) 


Input capacitance, QSF 










7 


10 


PF 


CifTRG) 


Input capacitance, TRG 










7 


10 


PF 


C 0 (O) 


Output capacitance, SQ and DQ 










12 


15 


PF 


C 0 (QSF) 


Output capacitance, QSF 










10 


12 


PF 


NOTE 6: 


Vqq - 5 V ± 0.5 V, and the bias on pins under test is 0 V. 














switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 7) 


PARAMETER 


TEST 


ALT. 


'55166-70 


'55166-80 


UNIT 


CONDITIONS t 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


l a(C) 


Access time from CAS 


td(RLCL) = MAX 


tCAC 


20 


20 


ns 


ta(CA) 


Access time from column address 


td(RLCL) « MAX 


tAA 


35 


40 


ns 


ta(CP) 


Access time from CAS high 


td(RLCL) 55 MAX 


tCPA 


40 


45 


ns 


ta(R) 


Access time from RAS 


td(RLCL) * MAX 


tRAC 


70 


80 


ns 


ta(G) 


Access time of DQ from TRG low 




tOEA 


20 


20 


ns 


ta(SQ) 


Access time of SQ from SC high 


Cl = 30 pF 


tSCA 


20 


25 


ns 


ta(SE) 


Access time of SQ from SE low 


C|_ = 30 pF 


tSEA 


15 


20 


ns 


tdis(CH) 


Disable time, random output from CAS high 
(see Note 8) 


Cl = 50 pF 


tOFF 


0 


20 


0 


20 


ns 


tdis(RH) 


Disable time, random output from RAS high 
(see Note 8) 


Cl = 50 pF 




0 


20 


0 


20 


ns 


tdis(G) 


Disable time, random output from TRG high 
(see Note 8) 


Cl = 50 pF 


tOEZ 


0 


20 


0 


20 


ns 


tdis(WL) 


Disable time, random output from WE low 
(see Note 8) 


Cl = 50 pF 


tWEZ 


0 


20 


0 


20 


ns 


tdls(SE) 


Disable time, serial output from SE high (see Note 8) 


CL = 30pF 


tSEZ 


0 


15 


0 


20 


ns 



t For conditions shown as MIN/MAX, use the appropriate value specified in the timing requirements. 

NOTES: 7. Switching times for RAM-port output are measured with a load equivalent to 1 TTL load and 50 pF. Data-out reference level: 
V*oh / Vol - 2 v /°« 8 v - Switching times for SAM-port output are measured with a load equivalent to 1 TTL load and 30 pF. Serial-data 
out reference level: Voh / v OL = 2 v /°- 8 v - 
8 - tdis(CH), *dis(RH). VisfG)' tdis(WL), and tdis(SE) are specified when the output is no longer driven. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperaturet 





Al T 

SYMBOL 


'55166-70 


'55166-80 


UNIT 


MIN MAX 


MIN MAX 


tc(rd) Cycle time, read 


tRQ 


130 


150 


ns 


tc(W) Cycle time, write 


twc 


130 


150 


ns 


tc(rdW) Cycle time, read-modify-write 


tRMW 


175 


200 


ns 


tc(p) Cycle time, page-mode read, write 


tpQ 


45 


50 


ns 


tc(RDWP) Cycle time, page-mode read-modify-write 


tPRMW 


85 


90 


ns 


tcfTRD) Cycle time, transfer read 


tRC 


130 


150 


ns 


tc(SC) Cycle time, SC (see Note 9) 


tscc 


22 


30 


ns 


tw(CH) Pulse duration, CAS high 


tcPN 


10 


10 


ns 


tw(CL) Pulse duration, CAS low (see Note 10) 


tCAS 


20 10 000 


20 10 000 


ns 


tw(RH) Pulse duration, RAS high 


tpp 


50 


60 


ns 


l w(RL) Pulse duration, RAS low (see Note 11) 


tRAS 


70 10 000 


80 10 000 


ns 


*w(WL) Pulse duration, WEx low 


twp 


10 


15 


ns 


twfTRG) Pulse duration, TRG low 




20 


20 


ns 


tw(SCH) Pulse duration, SC high 


tsc 


8 


10 


ns 


tw(SCL) Pulse duration, SC low 


tSCP 


8 


10 


ns 


*w(GH) Pulse duration, TRG high 


tjp 


20 


20 


ns 


tw(RL)P Pulse duration, RAS low (page mode) 


tRASP 


70 100 000 


80 100 000 


ns 


*su(CA) Setup time, column address before CAS low 


^ASC 


0 


0 


ns 


t su (SFC) Setup time, DSF before CAS low 


tpsc 


0 


0 


ns 


tsu(RA) Setup time, row address before RAS low 


*ASR 


0 


0 


ns 


tsu(WMR) Setup time, WEx before RAS low 


^WSR 


0 


0 


ns 


tsu(DQR) Setup time, DQ before RAS low 


tMS 


0 


0 


ns 


tsufTRG) Setup Am®. TRG high before RAS low 


tjHS 


0 


0 


ns 


t su (SFR) Setup time, DSF low before RAS low 


tFSR 


0 


0 


ns 


tsu(DCL) Setup time, data valid before CAS low 


*DSC 


0 


0 


ns 


tsu(DWL) Setup time, data valid before WEx low 


tDSW 


0 


0 


ns 


*su(rd) Setup time, read command, WEx high before CAS low 


tRCS 


0 


0 


ns 


tsufWCL) Setup time, early write command, WEx low before CAS low 


twcs 


0 


0 


ns 


t su (wCH) Setup tjme, WEx low before CAS high, write 


tCWL 


15 


20 


ns 


tsu(WRH) Setup time, WEx low before RAS high, write 


tRWL 


20 


20 


ns 


th(CLCA) Hold time, column address after CAS low 


tCAH 


10 


15 


ns 


th(SFC) Ho,d time . DSF after CAS low 


tCFH 


15 


15 


ns 



t Timing measurements are referenced to V||_ max and Vm min. 
NOTES: 9. Cycle time assumes tt = 3 ns. 

10. In a read- modif y-write cycle, td(CLWL) and tsu(WCH) mu st be observed. Depending on the user's transition times, this can require 
additional CAS low time [t w (CL)l- 

11. In a read- modif y-write cycle, td(RLVv"l_) and *su(WRH) mu st be observed. Depending on the user's transition times, this can require 
additional RAS low time [t w (RL)]. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued) • 





ALT. 
SYMBOL 


•55166-70 


'55166-80 


UNIT 


MIN MAX 


MIN MAX 


th(RA) Hold time, row address after RAS low 


tRAH 


10 


10 


ns 


thfTRG) Hold time, TRG after RAS low 


*THH 


15 


15 


ns 


th(RWM) Hold time, write mask after RAS low 


tRWH 


15 


15 


ns 


th(RDQ) Hold time, DQ after RAS low (write-mask operation) 


tMH 


15 


15 


ns 


th(SFR) Hold time, DSF after RAS low 


tRFH 


10 


10 


ns 


th(RLCA) Hold time, column address valid after RAS low (see Note 1 2) 


tAR 


30 


35 


ns 


th(CLD) Hold time, data valid after CAS low 


tDH 


15 


15 


ns 


th(RLD) Ho,d time, data valid after RAS low (see Note 1 2) 


tDHR 


35 


35 


ns 


l h(WLD) Hold time, data valid after WEx low 


tDH 


15 


15 


ns 


th(CHrd) Hold time, read, WEx high after CAS high (see Note 1 3) 


tRCH 


0 


0 


ns 


th(RHrd) Hold time, read, WEx high after RAS high (see Note 1 3) 


tRRH 


0 


0 


ns 


*h (CLW) Hold time, write, WEx low after CAS low 


tWCH 


15 


15 


ns 


th(RLW) Hold time, write, WEx low after RAS low (see Note 1 2) 


tWCR 


35 


35 


ns 


th(WLG) Hold time, TRG high after WEx low (see Note 1 4) 


tOEH 


10 


10 


ns 


th(SHSQ) Hold time, SQ after SC high 


tSOH 


2 


2 


ns 


th(RSF) Hold time, DSF after RAS low 


tFHR 


35 


35 


ns 


th(CLQ) Hold time, Output after CAS low 


tDHC 


0 


0 


ns 


td(RLCH) Delay time, RAS low to CAS high 




tCSH 


70 


80 


ns 


See Note 15 


tCHR 


10 


15 


td(CHRL) Delay time, CAS high to RAS low 


tCRP 


0 


0 


ns 


td(CLRH) Delay time, CAS low to RAS high 


tRSH 


20 


20 


ns 


td(CLWL) Delay time, CAS low to WEx low (see Notes 1 6 and 1 7) 


tcWD 


45 


50 


ns 


td(RLCL) Delay time, RAS low to CAS low (see Note 18) 


tRCD 


20 50 


20 60 


ns 


td(CARH) Delay time, column address valid to RAS high 


tRAL 


35 


40 


ns 


*d(CACH) Delay time, column address valid to CAS high 


tCAL 


35 


40 


ns 


td(RLWL) Delay time, RAS low to WEx low (see Note 1 6) 


tRWD 


85 


100 


ns 


td(CAWL) Delay time, column address valid to WEx low (see Note 1 6) 


tAWD 


60 


65 


ns 


td(CLRL) De,av time » CAS low to RAS low (see Note 1 5) 


tCSR 


0 


0 


ns 


td(RHCL) Delay time, RAS high to CAS low (see Note 1 5) 


tRPC 


0 


0 


ns 


td(CLGH) Delay time, CAS low to TRG high for DRAM read cycles 




20 


20 


ns 


*d(GHD) Dela y time, TRG high before data applied at DQ 


tOED 


15 


15 


lis 



t Timing measurements are referenced to V|i_ max and Vm min. 



NOTES: 1 2. The minimum value is measured when td(Ri_CL) ls set to td(RLCL) min as a reference. 

1 3. Either t n (RHrd) or th(CHrd) mus t be satisfied for a read cycle. 

1 4. Output-enable-controlled write. Output remains in the high-impedance state for the entire cycle. 

15. CBR refresh operation only 

16. Read -modify-write operation only 

1 7. TRG must disable the output buffers prior to ap plying data to the DQ pins. 

1 8. The maximum value is specified only to assure RAS access time. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (continued)t 





ALT. 
SYMBOL 


'55166-70 


'55166-80 


UNIT 


MIN MAX 


MIN MAX 


td(RLTH) Delay time, RAS low to TRG high (see Note 1 9) 


tRTH 


55 


60 


ns 


td(RLSH) Delay time, RAS low to first SC high after TRG high (see Note 20) 


tRSD 


70 


80 


ns 


KJ(RLGA) wo lay uiiio, rv\o iow io column aUUioSS Valid 


l RAD 


IO OO 


< C Aft 


ns 


Hj(GLRH) ueioy ume, i no iow io nno nign 


tROH 




on 


ns 


*d(CLSH) ueiay iime, omo iow io Tirsi nign oner i nva nign (see iNoie c\j) 


tCSD 


Oft 


OK 
(CO 


ns 


*d (SCTR) Delay time, SC high to TRG high (see Notes 1 9 and 20) 


*TSL 


5 


5 


ns 


tdfTHRH) Delay time, TRG high to RAS high (see Note 1 9) 


*TRD 


-10 


-10 


ns 


tdfTHRL) Delay time, TRG high to RAS low (see Note 21 ) 


*TRP 


50 


60 


ns 


*d(THSC) Delay time, TRG high to SC high (see Note 1 9) 


*TSD 


15 


20 


ns 


Delay time, RAS high to last (most significant) rising edge of SC before 
HI (RHMS) boundary switch during split-register-transfer read cycles 




20 


20 


ns 


td(CLTH) Delay time, CAS low to TRG high in real-time-transfer read cycles 


tCTH 


15 


15 


ns 


*d(CASH) Delay time, column address to first SC in early-load-transfer read cycles 


*ASD 


25 


30 


ns 


Delay time, column address to TRG high in real-time-transfer read 
kJ(CAGH) cyc j es 


*ATH 


20 


20 




kl(DCL) Delay time, data to CAS low 


*DZC 


0 


0 


ns 


td(DGL) Delay time, data to TRG low 


tDZO 


0 


0 


ns 


Delay time, last (most significant) rising edge of SC to RAS low before 
td(MSRL) boundary switch during split-transfer read cycles 




20 


20 


ns 


Delay time, last (1 27 or 255) rising edge of SC to QSF switching at the 
kJ(SCQSF) boundary during split-register-transfer read cycles (see Note 22) 


tSQD 


25 


30 


ns 


. Delay time, CAS low to QSF switching in transfer read cycles 
td(CLQSF) ( S ee Note 22) 


tCQD 


30 


35 


ns 


. Delay time, TRG high to QSF switching in transfer read cycles 
td(GHQSF) (see Note 22) 


tTQD 


25 


30 


ns 


Delay time, RAS low to QSF switching in transfer read cycles 
VKRLQ8F) (see Note 22) 


tRQD 


70 


75 


ns 


trf(MA) Refresh time interval, memory 


tREF 


8 


8 


ms 


tt Transition time 


tT 


3 50 


3 50 


ns 



t Timing measurements are referenced to Vil max and Vm min. 



NOTES: 19. Real-time-load transfer read or late-load-transfer read cycle only 

20. Early-load-transfer read cycle only 

21. Full-register-(read) transfer cycles only 

22. Switching times for QSF output are measured with a load equivalent to 1 TTL load and 30 pF, and the output reference level is 
VOH/VOL-2V/0.8V. 
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\4r 



it 



- *w(RL) " 



tc(rd)- 



-W 



RAS 



-^(RLCH)- 



1 r+ 



i ' 



>w(RH)- 



CAS 




*d(RLCL) ' 
td(CHRL) 



• tyCLRH) — 
t w (CL) ■ 



! i 



td(RLCA) 4-k- 



1 I I 

t h(RA )-t>i k- 
i w 

*8U(RA)-N \4~ I 



" tyCACH) " 



th(RLCA) 



• td(CARH) " 

— M 



tsu(CA) -+) |4f 



th(CLCA) 



* ! 



tw(CH) 



A0-A8 




WEx 

td(DGL) 
DQ0-DQ15 Data 



|^-t a (G)->( \4~ tdls(G) ~>l 

— ( 



Data Out 



> 



-ta(C)- 



■ t a (CA) ' 



ta(R)- 



Figure 26. Read-Cycle Timing With CAS-Controlled Output 
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I M- 

! *- 



RAS 



*w(RL) ' 

- td(RLCH) ~ 



tc(rd)- 



I 



CAS 



| r W *d(CLRH) W I 

I M — ki(RLCL) ►! M 

|4+~td( C HRL) .l<--tw(CL)-^ I I 

I I M 



|* — tw(RH) — ►! 



A0-A8 



DSF 



TRG 



WEx 




td(DGL) 
DQ0-DQ15 Data ,n 



Figure 27. Read-Cycle Timing With RAS-Controlled Output 
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-tc(W)" 



RAS 



" t w (RL) ■ 



tt-*| N- 



" td(RLCH) ' 




CAS 



it 



k" td(RLCL) ">l 



• *d(CLRH) ■ 



td(CHRL) 



isi 



-t w (CL)" 



th(RA) 
td(RLCA) 

^ u(RA)" H 
A0-A8 66565^" Row 



I I 




th(RLCA) H 

Hp— *d(CACH) " 

Kf— t 8u (CA) 

*l I H — ►t-th^LCA) 

kl~! ! td(CARH) - 



l^J J*- tw(RH)-*J 
| t w (CH) 



i tw(CH) ■ 

I 



tsu(SFR)-^ W" 



DSF 



| I W th(RSF) 

t h(SF R) W> || r* 



Column 
|<|ts U (SFC) 




-tn(SFC) 



I I 
I I 
I I 



*8U(TRG) 



TRG 



n 

th(TRG) 

I ' 




I I 



tsu(WMR) - 



I I 
I I 

! r* 




th(RWM) +-W N- | 



WEx 




t 8 u(DQR)->l rtj- 



- th(RLW) " 



- tsu(WCH) - 
tsu(WRH) 



->| t 8U (wCL) 



" th(CLW) ■ 



t W (WL) • 



th(RDQ)" 



k4- 



DQ0-DQ15 




k- t*u(DCL) 
th(RLD) 



th(CLD) ■ 



Figure 28. Early-Write-Cycle Timing 
Table 5. Early-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonperslstent write-per-blt 


L 


Write mask 


Valid data 


Write operation with persistent write-per-b'rt 


L 


Don't care 


Valid data 
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H Mw)- 



RAS 



CAS 



A0-A8 



DSF 



TRG 



WEx 



DQ0-DQ15 




Figure 29. Late-Write-Cycle Timing (Output-Enable-Controlled Write) 
Table 6. Late-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Dont care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 



Texas 
Instruments 

POST OFFICE BOX 1443* HOUSTON, TEXAS 77251-1443 8-295 



SMJ55166 
262144 BY 16-BIT 
MULTIPORT VIDEO RAM 

SGMS057A - APRIL 1 995 - REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 



RAS 



CAS 



A0-A8 



tsu(RA) 



DSF 



TRG 



WEx 



DQ0-DQ15 




tgu(TRG)-»| r«f | 



tsu(WMR) 



, , W*su(WCL) 



Tt 



Kftsu(DCL) 

M th(CLD) - 



-th(RLD)- 



Write Maskt 



t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 30. Load-Write-Mask-Register-Cycle Timing (Early-Write Load) 
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RAS 



7* 



■ t W (RL) ' 



tc(W)- 



I |« 

t|-W |4- 
->| kttd(CHRL) 
I J \4— *d(RLCL) 



- td(RLCH) " 



- td{CLRH) ' 



► ! 



- *w(RH) • 



[ |*-j^td (C HRL)- 



CAS 



A0-A8 



tsutSFR) H 
th(SFR) 



DSF 



TRG 



WEx 



DQ0-DQ15 




tsu(WMR)-*1 f*" 



t Load-write-mask-register cycle puts the device into the persistent write-per-bit mode. 

Figure 31 . Load-Write-Mask-Register-Cycle Timing (Late-Write Load) 
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A0-A8 



DQ0-DQ15 




-*di8(G) 

Figure 32. Read-Write-/Read-Modify-Write-Cycle Timing 
Table 7. Read-WrlteVRead-Modify-Wrlte-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Write operation (nonmasked) 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


Don't care 


Valid data 
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RAS ]\[ 



■ «W(RL)P " 



tw(RH)"H 

H I I 



CAS 



A0-A8 



DSF 



td(CHRL) 



td(RLCL) " 



Jwjcy 



- «w(CH) " 



- td(CLRH) 



*d(RLCA) 



, r td(RLCH) y 

tsu(RA)->| ft ^^^^j I 

| , kth(RA)>l I | f* 



■*c<P)-i — HH 



th(RLCA) 



"►p *h(CLCA) 

1 



• td(CACH) 



4- 



Row 



Column , 



Uf! 



tsu(SFR) j 



>r-th(SFR) 



IT 
I I 




- td(CARH) 



Column 




>j— td(CLGH) 




TRG 



WEx 



\4y tsu(TRG) 



w 



I 
I 

(44- ts u (WMRt 

— I *su(rd) 

—I -r-r- 



*h(TRG) | 

i ! 



i 



T 



J. 



th(RHrd) - 




! i 



td(DGL) - 



4>i k-ta(C) 
ta(CA) I 



DQO- 
DQ15 



W ta(G) 

-ta(R)*- 



I 



Data In 



th(CLQ)~)4~W 

\4 t a(C A)t-|^ 

- *a(CP) T - 



tdls(WL) 



Data Out 



|tdl3(RH) 
tdls(G) 



Data Out 



■ td(DCL) " 



t Access time is t a (CP) or t a (CA) dependent. 

* Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the write an d read -modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the falling edge of RAS and CAS to select the desired 
write mode (normal, block write, etc.). 

Figure 33. Enhanced-Page-Mode Read-Cycle Timing 
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— < — t w (pgp — — 




-td(RLCH)' 



j4+t<j(CHRL) 



- *d(RLCL) " 



I 



-tc(P) 



CAS 

^ th(RA) 



*d(RLCA) — 
tsu(CA) 



AD- 
AS 



DSF 



TRG 



WEx 



I I I 



-4- 



I 



i*h(CLCA) + 
*h(RLCA) -4 



■ *w(CL) 



- t W (CH) 



— w mrh) J-t«->! 

kl(CLRH) — >| 
\+— td(CHRL) 

/ — r 



td(CACH) 



Row 




I I 



Column 



"T" , *d(CARH) 



Column 



tsu(SFR) 




|4~ *h(SFR) ->j 
J t 8u (SFC) 



- *d(RSF) 



I I 



1 U 

J I 



IT 



*su(TRG) 




th(SFC) 
4- 



th(TRG) ■ 



TT 

I I 
I I 




tsu(SFC) 



- th(SFC) 

I 




I 1 

j4-j-tsu(WMR) 
k-th(RWM)->| 



n 

Hft 8U ( D QR) 



See Note A 



1-T 



tsu^cH) *su(WCH) ">j r4- 




|4- t w (WL) - 

1 1 1 



|<~ *su(WRH) ■ 



tsu(DCL) T - 



|4r t S u(DWL) T 

J L 



j 14- th(RDQ) 

I H — ■ 1- 



T 



th(CLD) f 



1 . 

f- th(RLD) - 



- th(WLD) + " 



DQO- 
DQ15 



t Referenced to the first falling edge of WEx or the falling edge of CAS, whichever occurs later 

NOTE A: A read cycle or a read-modify-write cycle can be intermixed with write cycles, observing read and read-modify-write timing 
specifications. To assure page-mode cycle time, TRG must re main h igh throughout the entire page-mode operation if the late-write 
feature i s used . If the early-write-cycle timing is used, the state of TRG is a don't care after the minimum period t n (TRG) from the falling 
edgeofRAS. 

Figure 34. Enhanced-Page-Mode Write-Cycle Timing 
Table 8. Enhanced-Page-Mode Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write-mask register on either the first falling edge of 
WEx or the falling edge of CAS, whichever occurs later.* 


H 


L 


H 


Don't care 


Write mask 



during this cycle. 
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tw(RL)P 



« j^d(CHRL) 



- *d(RLCH) 



j t j« 1 ' » j 



td(RLCA) "j* 



I l«l th(RLCA) 



Row^^ 

45r 



*h(SFR) 
K^u(SFR) | 



n 

-Li 




th(TRG)-f^ H k 



-*j |*f tsu(TRG) |i 




■ tsu(rd) ts U (wCH) ">j kf 



td(CLWL) 



td(CAWL) 

. td(RLWL) 

I ^ 



T 



-td(CLGH) 
-»T ^(TRG) 



l 



I j -suivvmnj ^ J 

>; ^t h(R wM)| 



*w(WL) - 



TT 



|l fHr^t a(C )t 

i^^tt^t-^ca) 1 



I | *su(WCH) H 

-►I W-td (DC L) 

k — t<j(CLGH) 
j tsu(WRH) - 



T SL i V \ 



i 



i 



th(RDQ) 

I I 




*h(WLD) M I ► ! 
td(DCL) I | 
*su(DWL) 



I I 



Valid Out 




\y> — 



Ti 




!i 

II - t 

»t - t a(CP) T 



-*|kf tsu(DWL) 

th(WLD)~k 

H-t- *d(GHD) I 



I i 




I I "W |*-t a(G) T | | tc (DG L)-W Kp I r Valid Out 

h-t a(R) t H ^^ta (C )+ 

t Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

NOTE A: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 

Figure 35. Enhanced-Page-Mode Read-Modify-Wrlte-Cycle Timing 
Table 9. Enhanced-Page-Mode Read-Modify-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


4 


5 


Write operation (nonmasked) 


L 


L 


H 


Don't care 


Valid data 


Write operation with nonpersistent write-per-bit 


L 


L 


L 


Write mask 


Valid data 


Write operation with persistent write-per-bit 


L 


L 


L 


Don't care 


Valid data 


Load-write-mask register on either the first falling edge of 
WEx or the falling edge of CAS, whichever occurs later.t 


H 


L 


H 


Dont care 


Write mask 



* Load-write-mask-register cycle sets the device to the persistent write-per-bit mode. Column address at the falling edge of CAS is a dont care 
during this cycle. 
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TT 



H ~* 

tsu(SFR) 




Column 
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■ td(CACH) — W 
| | *d(CARH )' 
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Ik 



^J-tycLGH) 




kr *8u(TRG) | 



thfTRG) 



|44-t 8u (WMR> 



4- 



t su(rd) 



td(DGL) ~H< 

I 



tsu(WCL) — K 

I 



*h(CLW) " 



ta(CA) T 



ta(G) - 



ta(R)*- 



DQO- 
DQ15 



Data In 



> 



-ta(C) 



• t w (WL) 



y 



y 



t<Jls(WL) ~H 



tsu(DCL) ->j |4- 



• th(CLD) 



- td(DCL) ' 



^ Data Out Data In j ^- 



t Access time is t a (CP) or ta(CA) dependent. 

* Output can go from the high-impedance state to an invalid-data state prior to the specified access time. 

NOTE A: A write cycle or a read-modify-write cycle can be mixed with the read cycles as long as the w rit e and read-modify-write timing 
specifications are not violated and the proper polarity of DSF is selected on the failing edge of RAS and CAS to select the desired write 
mode (normal, block write, etc.). 

Figure 36. Enhanced-Page-Mode Read-/ Write-Cycle Timing 
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! "H *h(TRG) J 





TRG 



|! 



|<[t8u(WMR) 



■ t 8 u(WCH) ' 



4- 



4- 



th(RWM) 



! ! k 



- th(RLW) ' 



• tsu(WRH) * 



WEx 





t 8U (WCL) 

! i 



- th(CLW) " 



r*|tsu(DCL) 



- *w(WL) 



■ th(RLD) " 



• *h(CLD) " 



DQO- 
DQ15 



Valid-Color Input 



Figure 37. Load-Color-Register-Cycle Timing (Early-Write Load) 
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-tc(W)- 



A0-A8 




Figure 38. Load-Color-Register-Cycle Timing (Late-Write Load) 
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RAS 



■ »w(RL) " 



«c(W) " 



td(RLCL) _ I ^ 



- td(RLCH) ■ 



CAS 



■ td(CLRH) " 



_ ^t w(RH )>! 




|*T *d(CHRL) ^ 



td(RLCA) j f* 

td(RLCA) j-f#- 
tsu(RA)-*| Nf 
*h(RA) 



It 



- t W (CL) ■ 



- *h(RLCA) " 

-+U44- 



-rt- *h(CLCA) 



I h^-tdfCHRL)-*! 

_ . 



- tw(CH) 



I 



4- 



A0-A8 




Row 



- td(CARH) " 
• td(CACH) " 



1 ' I 



TT 
td(RSF) 

J 




DSF 



tsu(SFR)-*j l^r 

II 



Block Address I 
A2-A8 



»h(SFC) 



I I 
I I 



I I 




TRG 



I I 

*h(RWM) "W 




tsu(WMR) - 



WEx 




tsu(WCH) - 
*su(WRH) 



" *h(CLW) ■ 



' *h(RLW) " 



* t w (WL) " 



tsu(DQR) H 
th(RDQ) 



DQ0-DQ15 



" *h(RLD) 

-*| Njtsu(DCL) 

| |« *h(CLD) • 

I 



Figure 39. Block-Write-Cycle Timing (Early Write) 
Table 10. Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1 : I/O write enable 

Column-mask data DQi - DQi + 3 
(i = 0,4, 8, 12) 



0: column write disable 
1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address At ■ 0, AO ■ 1) 
DQ2 — column 2 (address A1 = 1 , AO = 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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RAS 



td(CHRL) 



PARAMETER MEASUREMENT INFORMATION 



CAS 




td(RLCA) "+ 



I 



- th(RLCA) 



tsu(RA) 



t h (RA)-fH k- ' 
ll I n> u( ? A) 



A0-A8 




*d(CACH) 
td(CARH) 
th(CLCA) 



u 

i i 



Row 



DSF 



TRG 



, - *h(RSF) H ^ Block Address 

tsu(SFR)-N -W Kj-ts^SFC) A2-A8 
th(SFR)-j*> |4- j H ►[ t h( SFC) 




I I 



-»| |<]- tsu(TRG) 




- th(CLW) ■ 



-I L 



■ td(GHD) " 



" t S u(WCH) " 



->J f^J-tsuOVMR) I 
|-»| j<-t h (RWM) | 



th(RLW) 
H 



• tsu(WRH) ' 
— th(WLG) 



M ii 

* i 



WEx 



I 



■ * W (WL) • 



►j j^-t h( R D Q) j j U t h(W LD)-*l 

-rrt h(RLD ) »j 



DQ0-DQ15 



!-*! ^-t h(RD Q) | j ' v 

! W 



Figure 40. Block-Write-Cycle Timing (Late Write) 
Table 1 1 . Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 

1 : I/O write enable 
Column-mask data DQi - DQi + 3 0: column write disable 

(i a 0, 4, 8, 1 2) 1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 « 1 , AO = 0) 
DQ3 — column 3 (address A1 ■ 1 , AO ■ 1) 
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- tw(RL)P " 



RAS 



CAS 



A0-A8 



th(RA) 



th(SFR) 



DSF 



TRG 



WEx 




tw(RH) 



th(RWM) 



DQ0-DQ15 

t Referenced to the first falling edge of WE x or th e falling edge of CAS, whichever occurs later 

NOTE A: To assure page-mode cycle time, TRG must rem ain hi gh throughout the entire page-mode operation if the late-write feature is used . 

If the early write-cycle timing is used, the state of TRG is a don't care after the minimum period th(TRG) from the falling edge of RAS. 

Figure 41 . Enhanced-Page-Mode Block-Write-Cycle Timing 
Table 12. Enhanced-Page-Mode Block-Write-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


Block-write operation (nonmasked) 


H 


Don't care 


Column mask 


Block-write operation with nonpersistent write-per-bit 


L 


Write mask 


Column mask 


Block-write operation with persistent write-per-bit 


L 


Don't care 


Column mask 



Write-mask data 0: I/O write disable 
1: I/O write enable 
Column-mask data DQi - DQi + 3 0: column write disable 
(i = 0, 4, 8, 1 2) 1 : column write enable 



Example: 

DQO — column 0 (address A1 = 0, AO = 0) 
DQ1 — column 1 (address A1 = 0, AO = 1) 
DQ2 — column 2 (address A1 ■ 1 , AO » 0) 
DQ3 — column 3 (address A1 = 1 , AO = 1) 
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RAS 



it 



- *w(RL) - 



•tc(rd)- 



td(CHRL) — N ►] 



I 

td(RHCL) — W 



CAS 



A0-A8 



DSF 



tr© 




I I 



! I 



«w(RH) — ►{ 



«su(RA) — |<- 



T" 

I I 

1 U- 



*h(RA) 




Row 



TT 

II 




tsu(TRG) * 



WEx 



DQO- 
DQ15 



Figure 42. RAS-Only Refresh-Cycle Timing 
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CAS 



A0-A8 



DSF 



TRG 



WEx 
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\4- 



A. 



• *w(RH) ■ 



tc(rd)- 



N 



■ *w(RL) " 



td(CLRL) - 



-td(RHCL) I | 

Mi 



td(RLCH); 



y 



■ td(CHRL) ' 



I i 



tsu(RA)— H »j N— th(RA) 




DQ0-DQ15 



Figure 43. CBR-Refresh-Cycle Timing 
Table 13. CBR-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't care 


H 


H 


CBR refresh with stop-point set and no reset 


Stop address 


H 


L 
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|4- Memory Read Cycle 



RAS 



CAS 



A0-A8 



DSF 



TRG 



WEx 



DQO- 
DQ15 




Figure 44. Hidden-Refresh-Cycle Timing 
Table 14. Hidden-Refresh-Cycle State Table 



CYCLE 


STATE 


1 


2 


3 


CBR refresh with option reset 


Don't care 


L 


H 


CBR refresh with no reset 


Don't oare 


H 


H 


CBR refresh with stop-point set and no option reset 


Stop address 


H 


L 
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RAS 



CAS 



A0-A8 



DSF 



TRG 



WEx 



DQ0-DQ15 



SC 



SQ 



QSF 



SE 



• VJ(RLCL) 



■t w (RL); 



- V>(TRD) • 



td(CHRL) -|#- 



" td(RLCH) -f 



• tw(RH) ■ 




tsu(RA) 7* 



-H 

I |* td(RLCA) 
j N-t h (RA)-*j 



-K L 



*d(CARH) — I 
t W (CL) " 



th(RLCA) 1 



tsu(CA) 
H N— *h(CLCA) 



Row 



Tap Point 
A0-A8 



tsu(SFR)"H H |4- 



I I 
I 



th(SFR) 



tgufTRG) -H- 



H |^— »h t h(TRG ) j | 




Wu(WMR)-|^ ►! I 



-\ ^-th(RWM) ! I 



■ t w (GH) * 



■ td(CASH) 



i ! 




*w(SCH) — 



td(SCTR) 
M 



Hi-Z- 



i 

'd(RLSH) 



*d(CLSH) ■ 



' tw(SCL) 



'h(SHSQ) • 



111 



-5? 



Old Data 



x 

I 



I ta(SQ)- 
I th(SHSQ)- 



N— tc/sC) " 



Old Data 



X 



New Data 



- td(GHQSF) 



H 
L 



-td(CLQSF) / 



Tap Point Bit A7 



- td(RLQSF) - 



NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial-read mode (i.e., the SQ is enabled), allowing data to be 
shifted out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

C. A0-A7: register tap point; A8: identifies the DRAM row half 

D. Early-load operation is defined as t n (TRG) min < t n (TRG) < kl(RLTH) min - 

Figure 45. Full-Register-Transfer Read Timing, Early-Load Operations 
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• tc(TRD) ■ 



- *w(RL) ■ 



RAS 



" td(RLCL) " 



" t w (RH) " 



td(CHRL) - 



I |« td(RLCA) 

! k-t h(RA )->l 



" td(RLCH) ■ 

i * — 



■ t w (CL) 



JL 



1 1 



tsu(RA) — j* 



■ th(RLCA) " 



V 



l^ttsu(CA) j 

—frf— th(CLCA) 



CAS 



A0-A8 



DSF 



TRG 



WEx 



DQ0-DQ15 



SC 



SQ 



QSF 
SE 

NOTES: A. DQ outputs remain in the high-impedance state for the entire memory-to-data-register transfer cycle. The memory-to-data-register 
transfer cycle is used to load the data registers in parallel from the memory array. The 256 locations in each data register are written 
into from the 256 corresponding columns of the selected row. 

B. Once data is transferred into the data registers, the SAM is in the serial-read mode (i.e., the SQ is enabled), allowing data to be 
shifted out of the registers. Also, the first bit to read from the data register after TRG has gone high must be activated by a positive 
transition of SC. 

C. A0-A7: register tap point; A8: identifies the DRAM row half 

D. Late load operation is defined as t(j(jHRH) < 0 ns - 

Figure 46. Full-Register-Transfer Read Timing, Real-Time Load Operation/Late-Load Operation 
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RAS 



CAS 



A0-A8 



TRG 



DSF 



WEx 

DQO- 
DQ15 



tsu(TRG) ->! 




td(MSRL) 



tw(SCH) "H 



A Bit 127 \ |<- MSCL) -*j / Jap \ 
/ ] or 255 M V | Point M \ 

H |4-t a (SQ 




Tap Point M 



]yhBit255\ } Tap \ 

/I or 127 \ V ' Point N \ 

3 



Bit 127 or 
Bit 255 



tw(SCL) 

X 



Tap 
Point N 



*a(SQ) 



tySCQSF) -*4r 
{(____ 



MSB Old 



X 



New MSB 



NOTE A: A0-A6: tap point of the given half; A7: don't care; A8: identifies the DRAM row half 

Figure 47. Split-Register-Transfer Read Timing 
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*su(TRG) • 



-W— th(TRG) 



SC 



SQ 



SE 



- tc(SC) - 



- *w(SCH) 
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it 
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Valid Out 
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NOTES: A. While reading data through the serial-data register, TRG is a don't care; except TRG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data-transfer operation. 
B. The serial-data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be put 
into the read mode by performing a transfer-read cycle. 

Figure 48. Serial-Read-Cycle Timing (SE = V| L ) 
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H — tc(sc> ►! 




I I 
I | 

H — W- tdls(SE) j 

* / ^ 

NOTES: A. While reading data through the serial-data register, TRG is a don't care except TRG must be held high when RAS goes low. 
This is to avoid the initiation of a register-data-transfer operation. 
B. The serial-data-out cycle is used to read data out of the data registers. Before data can be read via SQ, the device must be 
put into the read mode by performing a transfer-read cycle. 

Figure 49. Serial-Read Timing (SE-Controlled Read) 
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RAS 
CAS 



ADDR IXZDCZX 



TRG 
DSF 



CASE! 



SC 



QSF 



CASE II 



SC 



QSF 



CASE III 

SC 



QSF 




Full-Register-Transfer Read 



Spilt Register to the 
High Half of the 
Data Register 



NOTES: A. In order to achieve proper split-register operation, a full-register-transfer read should be performed before the first 
split-register-transfer cycle. This is necessary to initialize the data register and the starting tap location. First serial access can begin 
either after the full-register-transfer read cycle (CASE I), during the first split-register-transfer cycle (CASE II), or even after the first 
split-register-transfer cycle (CASE III). There is no minimum requirement of SC clock between the full-register-transfer read cycle 
and the first split-register cycle. 

B. A split-register transfer into the inactive half is not allowed until td (MSRL) is met. td /MSR L) is the minimum delay time between the 
rising edge of the serial clock of the last bit (bit 1 27 or 255) and the falling edge of RAS of the split-register-transfer cycle into the 
inactive half. After the td(MSRL) is met, the split-register transfer into the i nactiv e half must also satisfy the minimum WrhmS) 
requirement, ^(rh MS) is the minimum delay time between the rising edge of RAS of the split-register-transfer cycle into the inactive 
half and the rising edge of the serial clock of the last bit (bit 1 27 or 255) . 

Figure 50. Split-Register Operating Sequence 
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Speed (-70, -80) 

Temperature Range 
Package Code 



Lot Traceablllty Code 
Date Code 
Assembly Site Code 

- Die Revision Code 

— Wafer Fab Code 
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Organization . . . 16K x 8 
Processed to MIL-STD-883, Class B 



J PACKAGE 
(TOP VIEW) 



0 


Single 5-V Power Supply 




vpp L 






• 


Pin-Compatible With Existing 64K and 128K 


1 


28 J 




EPROMs 




A12[ 


2 


27 . 


• 


All Inputs/Outputs Fully TTL-Compatible 


A7|" 
A6T 
A5[ 


4 


26 "l 
25 
24 ] 


• 


Max Access/Min Cycle Times 




5 




V C c±5% V C c±10% 




A4[ 




23 ] 




'27C128-120 


120 ns 


A3[ 








'27C128-15 


150 ns 


A2[ 


ic 


)*! 




'27C128-17 


170 ns 


A1[ 




20 ] 




'27C1 28-20 


200 ns 


A0[ 


10 


19 ] 




'27C1 28-25 


250 ns 


Q0[ 


11 


18 ] 


• 


HVCMOS Technology 




Q1[ 


12 


17 ] 


• 


3-State Output Buffer 




Q2[ 


13 


16] 


• 


Low Power Dissipation 




GND[ 


14 


15] 



- Active ... 138 mW Worst Case 

- Standby ... 1.7 mW Worst Case 

(CMOS-Input Levels) 

• 400-mV Minimum DC Noise Immunity With 
Standard TTL Loads 

• Military Operating Temperature Range 

-55°Cto125°C 

description 



] Vcc 

] PGM 
] A13 
] A8 
] A9 
] A11 
]G 
] A10 
] E 
]Q7 
]Q6 
]Q5 
]Q4 
]Q3 



PIN NOMENCLATURE 


A0-A13 


Address Inputs 


E 


Chip Enable, Power Down 


G 


Output Enable 


GND 


Ground 


PGM 


Program 


Q0-Q7 


Outputs 


vcc 


5-V Power Supply 


V P P 


1 2- 1 3-V Power Supply 



The SMJ27C128 series is a set of 131 072-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. These devices are fabricated using HVCMOS technology for high speed and simple interfacing with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits 
without the use of external pullup resistors. The data outputs are three-state for connecting multiple devices to 
a common bus. The SM J27C1 28 is pin-compatible with 28-pin 1 28K ROMs and EPROMs. They are offered in 
a 600-mil dual-in-line ceramic package (J suffix) rated for operation from -55°C to 1 25°C. 

Since these EPROMs operate from a single 5-V supply (in the read mode), they are ideal for use in 
microprocessor-based systems. One other (12.5 V) supply is needed for programming, but all programming 
signals are TTL-level. These devices are programmable by either Fast or SNAPI Pulse programming 
algorithms. The Fast programming algorithm uses a Vpp of 1 2.5 V and a Vcc 0T 6 v for a nominal programming 
time of two minutes. The SNAPI Pulse programming algorithm uses a Vpp of 13.0 V and a Vcc °f 6 - 5 ^ f° r a 
nominal programming time of two seconds. For programming outside the system, existing EPROM 
programmers can be used. Locations can be programmed singly, in blocks, or at random. 



PRODUCTION DATA information to currant at of publication data. u . Copyright © 1995, Texas Instruments Incorporated 

Product* conform to apaclflcationa par the tarma of Taxaa Instruments 
atandard warranty. Production processing does not necessarily Include 
teating of all parametera. 
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logic symbolt 



AO 
A1 " 
A2- 
A3- 
A4- 
A5- 
A6- 
A7- 
A8 - 
A9~ 
A10" 
A11 " 
A12' 
A13- 



10 



25 



24 



21 



23 



26 



s- 22 — ^ 



EPROM 
16384 x8 



> A 



16 383 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



13^ 
[PWRDWN] 

* EN 



11 



12 



13 



15 



16 



17 



18 



19 



QO 
Q1 
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and IEC Publication 61 7-1 2. 

operation 

The seven modes of operation for the SMJ27C1 28 are listed in the following table. The read mode requires a 
single 5-V supply. All inputs are TTL-level except for Vpp during programming (1 2.5 V for Fast or 1 3 V for SNAP! 
Pulse) and 12 V on A9 for signature mode. 



FUNCTION 
(PINS) 


MODE 


READ 


OUTPUT 
DISABLE 


STANDBY 


PROGRAMMING 


VERIFY 


PROGRAM 
INHIBIT 


SIGNATURE 
MODE 


E 
(20) 


V, L 


V|L 


V|H 


V|L 


V,L 


V, H 


V| L 


G 

(22) 


V| L 


V, H 


X* 


V, H 


V|L 


x 


V, L 


PGM 
(27) 


V|H 


V|H 


X 


V| L 


V| H 


X 


V IH 


Vpp 
0) 


vcc 


vcc 


vcc 


Vpp 


Vpp 


Vpp 


vcc 


vcc 

(28) 


vcc 


vcc 


vcc 


vcc 


vcc 


vcc 


Vcc 


A9 
(24) 


x 


X 


X 


X 


X 


X 


v H § 


V H § 


AO 
(10) 


X 


X 


X 


X 


X 


X 


V|L 


V| H 


Q0-Q7 
(11-13,15-19) 


Data Out 


Hi-Z 


Hi-Z 


Data In 


Data Out 


Hi-Z 


CODE 


MFG 


DEVICE 


97 


83 



tXcanbeV||_orV|H. 
§Vh = 12V±0.5V. 
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read/output disable 

When the outputs of two or more SMJ27C128s are connected in parallel on the same bus, the output of any 
device in the circuit can be read without interference from the outputs of competing devices. To read the output 
of the selected SMJ27C128, a low-level signal is applied to the E and G pins. All other devices in the circuit 
should have their outputs disabled by the application of a high-level signal to one of these pins. Output data is 
accessed at pins QO through Q7. 

latchup Immunity 

Latchup immunity on the SMJ27C1 28 is achieved by the application of a minimum of 250 mA on all inputs and 
outputs. This current provides latchup immunity beyond any potential transients at the PC-board level when the 
devices are interfaced to industry-standard TTL or MOS logic devices. Input/output layout approach controls 
latchup without compromising performance or packing density. 

For more information, see application report SMLA001, Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family, available through Tl Field Sales Offices. . 

powerdown 

Active Ice supply current can be reduced from 25 mA to 500 \iA (TTL-level inputs) or 300 \xA (CMOS-level 
inputs) by applying a high input signal to the E pin. In this mode all outputs are in the high-impedance state. 

erasure 

Before programming, the SM J27C1 28 is erased by exposing the chip through the transparent lid to a high 
intensity ultraviolet light (wavelength 2537 A). EPROM erasure before programming is necessary to assure 
that all bits are in the logic 1 (high) state. Logic lows are programmed into the desired locations. A 
programmed logic low can be erased only by ultraviolet light. The recommended minimum exposure dose 
(UV intensity x exposure time) is 15 W*s/cm 2 . A typical 12 mW/cm 2 , filterless UV lamp erases the device 
in 21 minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, ail 
bits are in the high state. It should be noted that normal ambient light contains the correct wavelength for 
erasure. Therefore, when using the SMJ27C128, the window should be covered with an opaque label. 

SNAP! Pulse programming 

The 128K EPROM can be programmed using the Tl SNAP! Pulse programming algorithm illustrated by the 
flowchart in Figure 1. The Tl SNAP! Pulse programming algorithm can reduce programming time to two 
seconds. Actual programming time varies as a function of the programming used. 

Data is presented in parallel (eight bits) on pins Q0 to Q7. Once addresses and data are stable, PGM is pulsed. 

The SNAP! Pulse programming algorithm uses initial pulses of 100 jis followed by a byte verification to 
determine when the addressed byte has been successfully programmed. Up to ten 1 00-jis pulses per byte are 
provided before a failure is recognized. 

The programming mode is achieved when Vpp = 13 V, Vqc = 6.5 V, G = V|h, and E = Vjl. More than 
one device can be programmed when the devices are connected in parallel. Locations can be 
programmed in any order. When the SNAP! Pulse programming routine is complete, all bits are verified 
with Vqc = Vpp = 5 V. 
Fast programming 

The 128K EPROM can be programmed using the Fast programming algorithm illustrated by the flowchart 
in Figure 2. During Fast programming, data is presented in parallel (eight bits) on pins Q0 th rough Q7. Data 
is presented in parallel (eight bits) on pins Q0 to Q7. Once addresses and data are stable, PGM is pulsed. 
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Fast programming (continued) 

The programming mode is achieved when Vpp = 12.5 V, Vcc = 6 V, G = V|h, PGM = V||_, and E = V|l- 
More than one SMJ27C128 can be programmed when the devices are connected in parallel. Locations can 
be programmed in any order. 

Programming uses two types of programming pulses: prime and final. The length of the prime pulse is 
1 millisecond; this pulse is applied up to 25 times. After each prime pulse, the byte being programmed is 
verified. If the correct data is read, the final programming pulse is applied; if correct data is not read, an 
additional 1 millisecond pulse is applied up to 25 times. The final programming pulse is 3X long. This 
sequence of programming and verification is performed at Vcc = 6 V and Vpp = 12.5 V. When the full 
Fast programming routine is complete, all bits are verified with Vcc = V PP = 5 v ( see Figure 2). 

program inhibit 

Programming can be inhibited by maintaining a high level input on the E or PGM pin. 
program verify 

Programmed bits can be verified with Vpp = 1 2.5 V when G = V| L> E = V||_ f and PGM = Vjh- 
signature mode 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode 
is activated when A9 (pin 24) is forced to 12 V ± 0.5 V. Two identifier bytes are accessed by AO (pin 10); 
i.e., AO = V|l accesses the manufacturer code, which is output on Q0-Q7; AO = Vm accesses the device 
code, which is output on Q0-Q7. All other addresses must be held at V|i_. Each byte possesses odd parity 
on bit Q7. The manufacturer code for these devices is 97, and the device code is 83. 
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Q Start ) 

i 

Address = First Location 



| VqC a 6.5 V ± 0.25 V. Vpps 13 V± 0.25 V | 



I Program One Pulse = t w = 100 \is k — I Increment Address I Program 
1 i 1 1 i 1 Mode 




Figure 1. SNAPl Pulse Programming Flowchart 
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( start ) 



Address = First Location 



Yes 



Vcc*«V 
V PP = 12.5 V 



X = 0 4 



Program One 
1 ms Pulse 



Increment X 




increment 
Address 



Figure 2. Fast Programming Flowchart 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1 ) -0.6 V to 7 V 

Supply voltage range, Vpp (see Note 1) -0.6 V to 14 V 

Input voltage range (see Note 1), All inputs except A9 -0.6 V to 6.5 V 

A9 -0.6 V to 13.5 V 

Output voltage range (see Note 1) -0.6 V to Vcc + 1 V 

Minimum operating free-air temperature, TX -55° C 

Maximum operating case temperature 1 25° C 

Storage temperature range, T stg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to QND. 



recommended operating conditions 











'27C128-120 


'27C128-15 
•27C128-17 
*27C1 28-20 
•27C1 28-25 


UNIT 










MIN 


NOM 


MAX 


MIN NOM 


MAX 






Supply 
voltage 


Read mode (see Note 2) 


4.75 


5 


5.25 


4.5 5 


5.5 


V 


vcc 


Fast programming algorithm 


5.75 


6 


6.25 


5.75 6 


6.25 


V 




SNAPI Pulse programming algorithm 


6.25 


6.50 


6.75 


6.25 6.5 


6.75 


V 




Supply 
voltage 


Read mode (see Note 3) 


Vcc-0.6 




Vcc+0-6 


Vcc-0'6 Vcc + 06 


V 


Vpp 


Fast programming algorithm 


12 


12.5 


13 


12 12.5 


13 


V 




SNAPI Pulse programming algorithm 


12.75 


13 


13.25 


12.75 13 


13.25 


V 


V|H 


High-level input voltage 


TTL 


2 




Vcc + 1 


2 


v C c+ 1 


V 


CMOS 


Vcc-0.2 




VcC + 1 


Vcc-0.2 


VqC+1 


V 


V|L 


Low-level input voltage 


TTL 


-0.5 




0.8 


-0.5 


0.8 


V 


CMOS 


-0.5 




0.2 


-0.5 


0.2 


V 


T A 


Operating free-air temperature 




-55 


-55 


°C 


TC 


Operating case 


* temperature 




125 


125 


°C 



NOTES: 2. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be inserted 
into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case is Ice + 'PP • 
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electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Voh High-level output voltage 


IqH = -400 mA 


2.4 


V 


Vql Low-level output voltage 


Iql - 2..1 mA 


0.4 


V 


1 1 Input current (leakage) 


V| - 0 V to 5.5 V 


±1 


l*A 


lO Output current (leakage) 


Vo = 0VtoVcc 


±1 


j*A 


lppi Vpp supply current 


Vpp *Vcc 88 5.5V 


100 


nA 


lpp 2 Vpp supply current (during program pulse) (see Note 4) 


Vpp - 13 V 


35 50 


mA 


'CC1 V CC supply current (standby) 


TTL-input level 


V C C = 5.5V, E = V| H 


500 


HA 


CMOS-input level 


Vcc = 5.5V, E = V C C 


300 


pA 


ICC2 V CC supply current (active) 


V C C = 5.5V, E = V| L , 
^ = minimum cycle time, 
outputs open 


10 25 


mA 



t Typical values are at Ta = 25°C and nominal voltages. 

NOTE 4: This parameter has been characterized at 25°C and is not tested. 



capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1 MHz (see Note 5) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Cj Input capacitance 


V| = 0 V, f = 1 MHz 


6 10 


PF 


C 0 Output capacitance 


Vo = 0V,f=1 MHz 


8 14 





t Typical values are at - 25°C and nominal voltages. 

NOTE 5: Capacitance measurements are made on sample basis only. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Notes 4 and 5) 



PARAMETER 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


'27C128-120 


'27C128-15 


•27C128-17 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*a(A) Access time from address 


See Figure 3 


120 


150 


170 


ns 


ta(E) Access time from chip enable 


120 


150 


170 


ns 


t en(G) Output enable time from G 


50 


70 


70 


ns 


Output disable time from G or E, 
™ s whichever occurs first! 


0 50 


0 50 


0 50 


ns 


Output data valid time after change of 
V (A) address, E, or G, whichever occurs firstt 


0 


0 


o 


ns 




PARAMETER 


TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


*27C1 28-20 


'27C 128-25 


UNIT 


MIN MAX 


MIN MAX 


*a(A) Access time from address 


See Figure 3 


200 


250 


ns 


*a(E) Access time from chip enable 


200 


250 


ns 


ten(G) Output enable time from G 


75 


100 


ns 


Output disable time from G or E, 
™ s whichever occurs first* 


0 60 


0 60 


ns 


Output data valid time after change of address, E, or G, 
V (A) whichever occurs first* 


0 


0 


ns 



* Value calculated from 0.5 V delta to measured level. This parameter is only sampled and not production-tested. 
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recommended timing requirements for programming: Vrc = 6 v and Vpp = 12.5 V (Fast) or Vqc = 
6.5 and Vpp =13 V (SNAP! Pulse), T A = 25°C (see Note 6) 





MIN NOM MAX 


UNIT 


tdis Disable time, output from G 


0 130 


ns 


tenG Enable time, output from G 


150 


ns 


*h(A) Hold time, address 


0 


us 


*h(D) Hold time, data 


2 


US 


tw(IPGM) Pulse duration, initial program 


Fast programming algorithm 


0.95 1 1.05 


ms 


SNAP! Pulse programming algorithm 


95 100 105 


liS 


t w (FPGM) Pulse duration, final 


Fast programming only 


2.85 78.75 


ms 


*su(A) Setup time, address 


2 


lis 


*su(G) Setup time, G 


2 


lis 


tsu(D) Setup time, data 


2 


lis 


tsu(VPP) Setup time, Vpp 


2 


|1S 


tsu(VCC) Setup time, Vcc 


2 


|1S 


tsufE) Setup time, E 


2 


MS 



NOTES: 6. For all switching characteristics and timing measurements input pulse levels are 0.4 V to 2.4 V. Timing measurements are made 
at 2.0 V for logic high and 0.8 V for logic low for both inputs and outputs. 
7. Common test conditions apply for t^is except during programming. 



PARAMETER MEASUREMENT INFORMATION 



2.08 V 



R L = 800fl 



Output - 
Under Test 



C L = 100pF 
JL (see Note A) 



NOTE A: C{_ includes probe and fixture capacitance. 
Figure 3. Output Load Circuit 



AC testing input/output wave forms 

2.4 V 



0.4 V- 



X-2V- 
.OgV. 



rv-y" 



AC testing inputs are driven at 2.4 V for logic high and 0.4 V for logic low. Timing measurements are made at 
2 V for logic high and 0.8 V for logic low for both inputs and outputs. 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON. TEXAS 77251-1443 



8-327 



SMJ27C128 

131 072-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

SGMS006E - AUGUST 1986 - REVISED JUNE 1 995 



PARAMETER MEASUREMENT INFORMATION 



A0-A13 



X 



Addresses Valid 



X 



Q0-Q7 



if 



-ta(E)- 



H-t, n(G )-^| 
ta(A) »| 



tv(A) — H ►! 



tdls- 



• Hl-Z - 



<««« ^»»»> ""- 



Figure 4. Read-Cycle Timing 
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PARAMETER MEASUREMENT INFORMATION 

H Verify H 



I 



- Program • 



A0-A13 



Q0-Q7 



Vpp 



V C C 



zx 



Address Stable 



PGM 



H ►M 8U (A) 



Data In Stable 



> 



* tsu(D) 



J 

W W- t 8U (vpp) 



tsu(VCC) 

H ^" «su(E) 

I -H H~ th(D) 



I 



T 




*w(IPGM) — H H 

tw(FPGM) — f« ►! 



XAddn 
_N + 



< 



Data 
Val 



*su(G) 



M — tdis 



Out \_ 

id J r 



- ten(G) 

J 



Address 
1 



Figure 5. Program-Cycle Timing 
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• Organization . . . 512K x 8 

• Single 5-V Power Supply 

• Industry Standard 32-Pin Dual-In-line 
Package 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time 

V C c ± 10% 

'27C040-10 100 ns 

'27C040-12 120 ns 

'27C040-15 150 ns 

• 8-Bit Output For Use In 
Microprocessor-Based Systems 

• Power-Saving CMOS Technology 

• 3-State Output Buffers 

• 400-mV DC Assured Noise Immunity With 
Standard TTL Loads 

• Latchup Immunity of 250 mA on All Input 
and Output Pins 

• No Pullup Resistors Required 

• Low Power Dissipation (V cc = 5.5 V) 

- Active . . . 385 mW Worst Case 

- Standby . . . 0.55 mW Worst Case 

(CMOS-Input Levels) 

• Military Operating Temperature Range 

-55°Cto125°C 

description 



J PACKAGE 
(TOP VIEW) 









w r 


1 


32 . 


A16[ 


2 


31 . 


a i c r 

AlO|_ 


3 


30 . 




4 


29 _ 


A7[ 


5 


28 . 


Ao|_ 


6 




A5[ 




26 


A4[ 




\ 25 : 


A3[ 


l C 


) 24] 


A2[ 


10 x ' 


' 23; 


A1[ 


11 


22 


A0[ 


12 


21 ] 


DQ0[ 


13 


20 ' 


DQ1[ 


14 


19] 


DQ2[ 


15 


18] 


GND[ 


16 


17 ] 



v C c 

A18 
A17 
A14 
A13 



G 

A10 



DQ5 



DQ3 



PIN NOMENCLATURE 


A0-A18 


Address Inputs 


DQ0-DQ7 


Inputs (programming) /Outputs 


E 


Chip Enable 




Output Enable 


GND 


Ground 


vcc 


5-V Supply 


V P p 


13-V Power Supply t 



t Only in program mode 



The SMJ27C040 is a set of 4194304-bit, uitraviolet-iight erasable, electrically programmable read-only 
memories (EPROMs). 

These devices are fabricated using CMOS technology for high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can be driven by Series 54 TTL circuits. Each output can drive 
one Series 54. TTL circuit without external resistors. The data outputs are 3-state for connecting multiple 
devices to a common bus. 

The SMJ27C040 is offered in a 32-pin 600-mil dual-in-line ceramic package (J suffix) rated for operation from 
-55°Cto125°C. 

Since this EPROM operates from a single 5-V supply (in the read mode), it is ideal for use in 
microprocessor-based systems. One other (13-V) supply is needed for programming. All programming signals 
are TTL level. For programming outside the system, existing EPROM programmers can be used. 



PRODUCTION DATA information It current m of publication dat». . Copyright© 1995, Texas Instruments Incorporated 
Products conform to specifications per tha terms of Ttxa« Instruments 9 !m 

standard warranty. Production processing does not necessarily Include wV9 *Tt?*\7' AO 

testing of all parameters. I Ka >\j 
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logic symbolt 



AO" 
A1 ■ 
A2 " 
A3" 
A4- 
A5- 
A6- 
A7- 
A8- 
A9" 
A10- 
A11 " 
A12- 
A13" 
A14" 
A15" 
A16" 
A17" 
A18- 
I- 



12 



11 



10 



27 



26 



23 



25 



28 



29 



30 



31 



22 



_ 24 



EPROM524 288 x8 



> A 



524 287 



18^ 
[PWR DWN] 



EN 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the J package. 



13 
14 
15 
17 
18 
19 
20 
21 



DQO 
DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 



operation 

The seven modes of operation are listed in the following table. The read mode requires a single 5-V supply. All 
inputs are TTL level except for Vpp during programming (13 V), and Vh (1 2 V) on A9 for signature mode. 





FUNCTION 


E 


G 


Vpp 


vcc 


A9 


AO 


DQ0-DQ7 


Read 


V|L 


V| L 


vcc 


vcc 


X 


X 


Data Out 


Output Disable 


V|L 


V|H 


vcc 


vcc 


X 


X 


Hi-Z 


Standby 


V|H 


X 


vcc 


Vcc 


X 


X 


Hi-Z 


Programming 


V| L 


V| H 


Vpp 


vcc 


X 


X 


Data In 


Program Inhibit 


V, H 


V|H 


Vpp 


v cc 


X 


X 


Hi-Z 


Verify 


V|H 


V| L 


Vpp 


vcc 


X 


X 


Data Out 


Signature Mode 


V|L 


V|L 


vcc 


vcc 


V|H* 


V|L 


MFG Code 97 


V, H 


Device Code 50 



*Xcanbe V|i_orV|H. 
§V H = 12V±0.5V 

read/output disable 



When the outputs of two or more SM J27C040S are connected in parallel on the same bus, the output of any 
particular device in the circuit can be read with no interference from competing outputs of the other devices. To 
read the output of a single device, a low level signal is applied to the E and G pins. All other devices in the circuit 
should have their outputs disabled by applying a high level signal to one of these pins. Output data is accessed 
atpinsQ0-Q7. 
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latchup immunity 

Latchup immunity on the SMJ27C040 is a minimum of 250 mA on all inputs and outputs. This feature provides 
latchup immunity beyond any potential transients at the P.C. board level when the EPROM is interfaced to 
industry standard TTL or MOS logic devices. The input/output layout approach controls latchup without 
compromising performance or packing density. 

For more information see application report SMLA001 , "Design Considerations; Latchup Immunity of the 
HVCMOS EPROM Family", available through Tl Sales Offices. 

power down 

Active Ice supplycurrent can be reduced from 70 mA to 1 mA for a high TTL input on E and to 1 00 mA for a high 
CMOS input on E. In this mode all outputs are in the high-impedance state. 

erasure 

Before programming, the SMJ27C040 EPROM is erased by exposing the chip through the transparent lid to 
a high intensity ultraviolet-light (wavelength 2537 A). The recommended minimum exposure dose 
(UV intensity x exposure time) is 1 5-W s/cm 2 . A typical 1 2-mW/cm 2 , filterless UV lamp erases the device in 21 
minutes. The lamp should be located about 2.5 cm above the chip during erasure. After erasure, all bits are in 
the high state. It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the SMJ27C040, the window should be covered with an opaque label. After erasure (all 
bits in logic high state) , logic lows are programmed into the desired locations. A programmed low can be erased 
only by ultraviolet light. 

SNAP! Pulse programming 

The SMJ27C040 and TMS27PC040 are programmed by using the SNAP! Pulse programming algorithm. The 
programming sequence is shown in the SNAP! Pulse programming flow chart (Figure 1). 

The initial setup is Vpp = 1 3 V, Vqq = 6.5 V, E = V|h, and G = Vjh- Once the initial location is selected, the data 
is presented in parallel (eight bits) on pins DQ1 through DQ8. Once addresses and data are stable, the 
programming models achieved when E is pulsed low (V|[J with a pulse duration of t w (pQM)- Every location is 
programmed only once before going to interactive mode. 

In the interactive mode, the word is verified at Vpp = 13 V, Vqc = 6 .5 V, E = Vm, and G = V|i_. If the correct data 
is not read, the programming is performed by pulling G high, then E low with a pulse duration of t w (pQM)- Tnis 
sequence of verification and programming is performed up to a maximum of 1 0 times. When the device is fully 
programmed, all bytes are verified with Vqc = Vpp = 5 V ± 1 0%. 

program inhibit 

Programming can be inhibited by maintaining high level inputs on the E and G pins, 
program verify 

Programmed bits can be verified with Vpp = 13 V when G = Vjl, and E = Vjh. 

The signature mode provides access to a binary code identifying the manufacturer and type. This mode is 
activated when A9 (pin 26) is forced to 12 V. Two identifier bytes are accessed by toggling AO. All other 
addresses must be held low. The signature code for the SM J27C040 is 9750. AO low selects the manufacturer's 
code 97 (Hex), and AO high selects the device code 50 (Hex), as shown by the signature mode table below. 



IDENTIFIERT 


PINS 


AO 


DQ7 


DQ6 


DQ5 


DQ4 


DQ3 


DQ2 


DQ1 


DQO 


HEX 


MANUFACTURER CODE 


V, L 


1 


0 


0 


1 


0 


1 


1 


1 


97 


DEVICE CODE 


V|H 


0 


1 


0 


1 


0 


0 


0 


0 


50 



t E » G = V||_, A1 -A8 = V|L, A9 = Vh, A1 0-A1 8 = V||_, Vpp = Vqc- 
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C 



Start 



3 



| Address * First Location "*"| 



| VCC * 6-5 V ± 0-25 V, Vpp « 13 V ± 0.25 V | 

| Program One Pulse = t w = 100 ^is \ 4 — | Increment Address *"| 



Program 
Mode 




Last X No 
Address? 



I Address = First Location I 

T 



\ Program One Pulse = t w = 100 "] 
No 



Interactive 
Mode 




Figure 1. SNAP! Pulse Programming Flow Chart 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 



Supply voltage range, Vcc (see Note 1) -0.6 V to 7 V 

Supply voltage range, Vpp (see Note 1 ) -0.6 V to 1 4 V 

Input voltage range (see Note 1), All inputs except A9 -0.6 V to 6.5 V 

A9 -0.6Vto13V 

Output voltage range, with respect to Vss (see Note 1) -0.6 V to Vcc + *• v 

Minimum operating free-air temperature - 55°C 

Maximum operating case temperature 1 25°C 

Storage temperature range -65°C to 125°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1 : All voltage values are with respect to GND. 



recommended operating conditions 





MIN 


TYP 


MAX 


UNIT 


vcc 


Supply voltage 


Read mode (see Note 2) 


4.5 


8 


5.5 


V 


SNAP! Pulse programming algorithm 


6.25 


6.5 


6.75 


V 


Vpp 


Supply voltage 


Read mode (see Note 3) 


V C C -0.6 




Vcc + 0- 6 


V 


SNAPI Pulse programming algorithm 


12.75 


13 


13.25 


V 


V| H 


High-level input voltage 




TTL 


2 




VcC+0.5 


V 




CMOS 


V C C -0.2 




Vcc+05 


V|L 


Low-level input voltage 




TTL 


-0.5 




0.8 


V 




CMOS 


-0.5 




0.2 


T A 


Operating free-air temperature 






-55 


°C 


TC 


Operating case temperature 






125 


°c 



NOTES: 2. Vcc must 06 applied before or at the same time as Vpp and removed after or at the same time as Vpp The device must not be inserted 
into or removed from the board when Vpp or Vcc is applied. 
3. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Ice + 'PP 
During programming, Vpp must be maintained at 13 V ± 0.25 V. 



electrical characteristics over recommended ranges of supply voltage and operating free-air 
temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Voh High-level output voltage 


ICH = - 400 \iA 


2.4 


V 


Vol Low-level output voltage 


IOL = 2 « 1 m A 


0.4 


V 


l| Input current (leakage) 


V| = 0Vto5.5V 


±1 


liA 


to Output current (leakage) 


V O = 0VtoV C C 


±1 


HA 


Ipp-j Vpp supply current 


Vpp = Vcc = 5.5 V 


10 


HA 


lpP2 Vpp supply current (during program pulse) (see Note 4) 


Vpp = 12.75 V, Ta-25°C 


50 


mA 


ICCt Vcc supply current (standby) 


TTL-lnput level 


V C C = 5.5 V, E = V, H 


1 


mA 


CMOS-Input level 


V C C = 5.5 V, E = VCC 


100 


HA 


•CC2 Vcc supply current (active) 


E = V| Ll V C C - 5.5 V 
tcycle 88 minimum cycle time, 
outputs open (see Note 5) 


50 


mA 



NOTES: 4. This parameter is only sampled and not 100% tested. 
5. Minimum cycle time = maximum access time. 
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capacitance over recommended ranges of supply voltage and operating free-air temperature, 
f = 1MHz(V C c = Vpp = 5V±0.5V)t 



PARAMETER 


TEST CONDITIONS 


MIN TYP* MAX 


UNIT 


Cj Input capacitance 


V| = 0V 


4 8 


PF 


C 0 Output capacitance 


Vq = 0V 


8 12 


PF 



t Capacitance is sampled only at initial design and after any major change. 
* All typical values are at Ta = 25°C and nominal voltages. 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Notes 7 and 8) 



PARAMETER 


TEST 
CONDITIONS 
(SEE NOTE 
6 AND 7) 


•27C040-10 


'27C040-12 


•27C040-15 


UNIT 


MIN MAX 


MIN MAX 


MIN MAX 


*a(A) Access time from address 


(see Figure 2) 
Input t r * 20 ns 
Input tf * 20 ns 


100 


120 


150 


ns 


*a(E) Access time from chip enable 


100 


120 


150 


ns 


ten(G) Output enable time from G 


50 


50 


50 


ns 


Output disable time from G or E, whichever occurs 
™* first (see Note 8) 


0 50 


0 50 


0 50 


ns 


Output data valid time after change of address, E, 
v(A) or Q t whichever occurs first (see Note 8) 


0 


0 


0 


ns 



NOTES: 6. For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic low. (Figure 2) 

7. Common test conditions apply for tdi S except during programming. 

8. Value calculated from 0.5-V delta to measured output level. This parameter is only sampled and not 1 00% tested. 



switching characteristics for programming: V C c = 6.5 V and Vpp = 13 V (SNAP! Pulse), Ta = 25°C 



PARAMETER 


MIN MAX 


UNIT 


kJis(G) Output disable time from G 


0 100 


ns 


*en(G) Output enable time from G 


150 


ns 


recommended timing requirements for programming: V cc = 6.5 V and Vpp = 13 V (SNAP! Pulse), 
T A = 25°C, (see Note 6) 




MIN TYP MAX 


UNIT 


*h(A) Hold time, address 


0 


lis 


th(D) Hold time, data 


2 


\iS 


t w (PGM) Pulse duration, program SNAP! Pulse programming algorithm 


95 100 105 


\*s 


tsu(A) Setup time, address 


2 


JAS 


*su(E) Setup time, E 


2 


us 


*su(G) Setup time, G 


2 


us 


l su(D) Setup time, data 


2 


US 


*su(VPP) Setup time, Vpp 


2 


US 


tsu(VCC) Setup time, Vqc 


2 


US 



NOTE 6: For all switching characteristics the input pulse levels are 0.4 V to 2.4 V. Timing measurements are made at 2 V for logic high and 
0.8 V for logic logic low. (Figure 2) 



TfeXAS 

Instruments 

8-336 POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 



SMJ27C040 
4194304-BIT UV ERASABLE 
PROGRAMMABLE READ-ONLY MEMORY 

SGMS046A- NOVEMBER 1992 - REVISED JUNE 1995 



PARAMETER MEASUREMENT INFORMATION 

2.08 V 
| R L = 800fl 



Output 
Under Test 



Cl = 100 pF 
(see Note A) 



2.4 V 
0.4 V 



NOTE A: Cl includes probe and fixture capacitance. 



08 V 



Figure 2. Output Load Circuit and Input/Output Wave Forms 



A0-A18 



Addresses Valid 



DQ0-DQ7 



ta(A) 



ta(E) 



X 



!! 



it 



| N *dis 

tv(A) M *\ 



• Hl-Z - 



ten(G) -*| 

- «««<£ — 

Figure 3. Read-Cycle Timing 
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A0-A18 



DQ0-DQ7 



Vppt 



vcc f 



PARAMETER MEASUREMENT INFORMATION 



- Program - 



- Verify - 



Z3C 



Address Stable 



*■ — H- ^(A) 



J_ 



Data In Stable 



1* — ^t-tsu(D) 



> 



Hl-Z - 



;u(VPP) 



\ l su(E) 

i ! k-n-t n(D) 



*su(VCC) | 



I I 
tw(PGM) — *l 



*en(G) H* 



t h (A)- 



(Data Out "\ 
Stable JT 



tdls(G) 



tsu(G) 



\ r 



1 13-VVpp and 6.5-VVcc for SNAP! Pulse programming. 

Figure 4. Program-Cycle Timing (SNAP! Pulse Programming) 



8-338 



Texas 
Instruments 

POST OFFICE BOX 1443 • HOUSTON, TEXAS 77251-1443 





9-1 



Contents 

CHAPTER 13. MECHANICAL DATA 

MOS Memory Commercial 
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HKB (R-CDFP-F28) CERAMIC DUAL FLATPACK 9-37 

HKC (R-CDFP-F64) CERAMIC DUAL FLATPACK WITH TIE BAR 9-38 

HKD (R-CDFP-F50) CERAMIC DUAL FLATPACK 9-39 

HL (R-CDCC-N20/26) LEADLESS CERAMIC CHIP CARRIER 9-40 
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JDB (R-CDIP-T**) CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGE 9-47 

SV (R-CZIP-T**) CERAMIC ZIG-ZAG PACKAGE 9-48 
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Each package drawing contains a JEDEC Std 30 descriptor in the title line. This descriptor uses the following 
convention: shape, material, terminal position, package outline, lead form, and terminal count. The codes for 
each element in the JEDEC Std 30 descriptor are as follows: 



R-PDSO-G XXX 



SHAPE 




O- round R - rectangular S- square X- other 



MATERIAL 

C - ceramic, metal Q - ceramic, glass 
M - metal P - plastic 



TERMINAL POSITION — 

B - bottom Q - quad D - dual S - single 

L- lateral T — triple P - perpendicular Z- zig-zag 

PACKAGE OUTLINE 

CC - chip carrier GA- grid array CY- cylinder or can IP -in-line 

FM - flange mount SO - small outline FP - flat pack IM - in-line module 



LEAD FORM - 

F-flat P- pin /peg G- gull wing T - through-hole 

J - J lead W-wire N- no lead 

TERMINAL COUNT — 

One, two, or three digits as appropriate 
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Mechanical Data 
MOS Memory Products — Commercial 



AD (R-PSIM-N30) 



SINGLE-IN-LINE MEMORY MODULEt 



3.505 (89,03) 
3.495 (88,77) 



0.125 (3,18) TYP 



0.133 (3,38) TYP 




0- 



10 



nnnnnnnnnnnnnnnnnnnnnnnnnnn 



0.100(2,54) 



0.400 (10,16) TYP ■ 



0.070 (1,78) TYP 



0.208 (5,28) 
MAX 



T 



0.805 (20,45) 
0.795(20,19) 



0.054(1,37) 
0.047(1,19) 



40401 92/B 10/94 



NOTES: B. All linear dimensions are in inches (millimeters). 

C. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 

TM41 00GAD8 TM41 00EAD9 
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Mechanical Data 

MOS Memory Products — Commercial 



BK (R-PSIM-N72) 



SINGLE-IN-LINE MEMORY MODULEt 




0.125 (3,18) TYP 



4.255(108,08) 
4.245 (107,82) 



0 



llllllllllllllllllllllllllllllllllll 



0050(1,27) | 
0.040 (1,02) TYP 



fmnmifm^ r 



0.054(1,37) 
0.047(1,19) 



T 



1.005(25,53) 
0.995 (25,27) 



0.128(3,25) 
0.120(3,05) 



J 



0.010 (0,25) MAX - 

0.400 (10,16) TYP — 1 

0.208 (5,28) MAX 



4040226/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TM497BBK32 



TM497BBK32S 
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Mechanical Data 
MOS Memory Products — Commercial 



BK (R-PSIM-N72) 



SINGLE-/DOUBLE-SIDED IN-LINE MEMORY MODULEt 




0.125 (3,18) TYP 



4.255(108,08) 
4.245(107,82) 



i oc 


innnnnfYYinnnnfinnfmYTW 


II 1 1 1 1 11 


-# 


«- 0.& 


Lh 0.050(1,27) | -* 
M) (1,02) TYP 



©- 



0.054(1,37) 
0.047(1,19) 



T 

1.005(25,53) 
0.995 (24,26) 



-J V 



0.128 (3,25) 
0.120 (3,05) 



J 



21 Z. 



0.010 (2,54) MAX - 

0.400 (10,16) TYP- 1 

0.208 (5,28) MAX 
0.360 (9,14) MAX 



4040197/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TM124BBK32 

TM124MBK36B 

TM124MBK36C 



TM124BBK32S 
TM124MBK36R 
TM124MBK36S 



TM248CBK32 

TM248NBK36B 

TM248NBK36C 



TM248CBK32S 
TM248NBK36R 
TM248NBK36S 
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Mechanical Data 

MOS Memory Products — Commercial 



BK(R-PSIM-N72) 



DOUBLE-SIDED SINGLE-IN-LINE MEMORY MODULEt 




4.255(108,08) 
4.245(107,82) 



0.125 (3,18) TYP 



0.054(1,37) 
0.047(1,19) 



1.005(25,53) 
0.995 (24,26) 

T 



IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII^IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIK 



[ 0.050(1,27) 



^1 



0.128 (3,25) 
0.120 (3,05) 



J 



0.040 (1,02) TYP 



0.010 (0,25) MAX - 

0.400 (10,16) TYP J 

0.208 (5,28) MAX 
0.360 (9,14) MAX 



40401 97-2/ A 4/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TM893CBK32 



TM893CBK32S TM497MBK36A TM497MBK36Q 
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Mechanical Data 
MOS Memory Products — Commercial 



BK (R-PSIM-N72) 



SINGLE-/DOUBLE-SIDED SINGLE-IN-LINE MEMORY MODULE! 




0.125 (3,18) TYP 



4.255 (108,08) 
4.245(107,82) 



0 



llllllllllllllllllllllllllllllllllll 



^mrmrmm^ .A 



0.054(1,37) 
0.047(1,19) 



1.005 (25,53) 
0.995 (24,26) 



4- | 0.050(1,27) 
0.040 (1,02) TYP 



0.128(3,25) 
0.120(3,05) 



J 



0.01 0(0,25) MAX - 

0.400 (10,16) TYP - 

0.208 (5,28) MAX 
0.360 (9,14) MAX 



40401 97-3/ A 4/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TM124BBK32F 
TM124BBK32U 



TM248CBK32F 
TM248CBK32U 



TM124MBK36F 
TM124MBK36U 



TM248NBK36F 
TM248NBK36U 



TM124MBK36G 
TM124MBK36V 



TM248NCK36G 
TM248NBK36V 
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Mechanical Data 

MOS Memory Products — Commercial 



BM (R-PSIM-N72) 



SINGLE/DOUBLE-SIDED IN-LINE MEMORY MODULEt 



4.255 (108,08) 
4.245 (107,82) 




0.125 (3,18) TYP 



llllllllllllllllllllllllllllllllllll 



0.054(1,37) 
0.047(1,19) 



1.305(33,15) 
1.295(32,89) 



| 0.050(1,27) 



-11 



0.128(3,25) 
0.120(3,05) 



J 



0.040 (1,02) TYP 



0.010 (0,25) MAX - 

0.400 (10,16) TYP -J 

0.208 (5,28) MAX • 
0.360 (9,14) MAX - 



40881 75/A 00/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TM893NBM36A TM893NBM36Q TM497MBM36A TM497MBM36Q 
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Mechanical Data 
MOS Memory Products — Commercial 



DBJ (R-PDSO-G44) 



PLASTIC SMALL-OUTLINE PACKAGEt 



FIRRRFiRRFi 



R R R R R R R 



r 



jjg l»l W0l 



r r n n r r fT 



o 



uuu-uuuuuuuuuuuuuuuuuuu 



22 



28,30 
28,10 



13,40 16,10 
13,20 15,90 



0,15 NOM 




2,85 MAX 



0,50 MIN 



4073325/ A 10/94 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 

TMS28F200BZT TMS28F200BZB TMS28F400BZT TMS28F400BZB 
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Mechanical Data 

MOS Memory Products — Commercial 



DBR (R-PDSO-G56) 



PLASTIC DUAL SMALL-OUTLINE PACKAGEt 



0.553 (14,05) 
0.549(13,95) 



28 



o 




o 


o 




o 


« 


0.726(18,44) 
0.722 fl 8.35) 


► 



0.006 
NOM 



(0,15) I 

)m n 



0.014 (0,35) 
0.012(0,30) 



0.791 (20,10) 
0.784(19,90) 



i 56 



| ^- j 0.020 (0,! 

i i 



50) 



L °- 010 (°' 25 ) I -$-10,008 (0,21) ®| 
0.004(0,10) ^ 



> 29 



0.047 (1,20) MAX 



Seating Plane 



0.004 



ane + 4 ' 
(0,10) H L 



1 



0.005 (0,13) MIN 



4073302/A 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TMS28F200BZT TMS28F200BZB TMS28F400BZT TMS28F400BZB 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TMS28F512A 
TMS28F020 



TMS28F01 0B TMS27C51 2 



TMS27PC512 TMS28C010A TMS27PC010A 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 



TMS44100 
TMS46400 



TMS44100P 
TMS46400P 



TMS46100 



TMS46100P 



TMS44400 



TMS44400P 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 



TMS44460 
TMS417400 



TMS44460P 
TMS417400P 



TMS46460 
TMS426400 



TMS46460P 
TMS426400P 



TMS416400 
TMS427400 



TMS416400P 
TMS427400P 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 



TMS464400 



TMS464400P 



TMS464800 



TMS464800P 
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Mechanical Data 
MOS Memory Products — Commercial 



DGE (R-PDSO-G40/44) 



PLASTIC SMALL-OUTLINE PACKAGEt 



|«- -||— ralg 

RRRRRRRRRR RRRRRRRRRR 



0018( °' 45) |^l0.006(0,16) ©l 



',30) 
23 



o 



HHHHHHHHHH — HHHHHHHHHH. 

1 22 



0.729 (18,51) 
0.721 (18,31) 



0.471 (11,96) 
0.455(11,56) 



0.404(10,26) 
0.396(10,06) 



0.006(0,15) NOM 




0°-5° 



-0.010(0,25) 



0.024 (0,60) 
0.016(0,40) 



■muimuuuj u 1 1 u u u LuiiiuiiuiL 



»- 0.047 (1,20) MAX 



0.000 (0,00) MIN 



Seating Plane jr 



*| 0.004 (0,1 oTH 



4040070-2/B 10/94 



NOTES: A. Ail linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 



TMS44165 



TMS44165P 



TMS45160 



TMS45160P 



TMS45165 



TMS45165P 
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Mechanical Data 

MOS Memory Products — Commercial 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 

TMS416160 TMS416160P TMS418160 

TMS428160 TMS428160P TMS416169 

TMS426169 TMS426169P TMS428169 



TMS418160P TMS426160 TMS426160P 
TMS416169P TMS418169 TMS418169P 
TMS428169P 
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Mechanical Data 
MOS Memory Products — Commercial 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, 
t Applicable MOS Memory Devices: 



TMS626402 



TMS626802 
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NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Plastic body dimensions do not include mold flash or protrusion. Maximum mold protrusion is 0, 1 25. 
t Applicable MOS Memory Devices: 



TMS55160 



TMS55165 



TMS55161 



TMS55166 
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Mechanical Data 
MOS Memory Products — Commercial 
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NOTES: A. All linear dimensions are in inches (miliimeters). 

B. This drawing is subject to change without notice. 

C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,1 25). 
t Applicable MOS Memory Devices: 



TMS44100 
TMS46400 



TMS44100P 
TMS46400P 



TMS46100 



TMS46100P 



TMS44400 



TMS44400P 
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Mechanical Data 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,125). 
* Applicable MOS Memory Devices: 



TMS44460 
TMS417400 



TMS44460P 
TMS417400P 



TMS46460 
TMS426400 



TMS46460P 
TMS426400P 



TMS416400 
TMS427400 



TMS416400P 
TMS427400P 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,125). 
t Applicable MOS Memory Devices: 

TMS464400 TMS464400P TMS464800 TMS464800P 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,125). 
t Applicable MOS Memory Devices: 



TMS44165 



TMS44165P 



TMS45160 



TMS45160P 



TMS45165 



TMS45165P 
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Mechanical Data 
MOS Memory Products — Commercial 
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NOTES: A. Ail linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Plastic body dimensions do not include mold protrusion. Maximum mold protrusion is 0.005 (0,125). 
t Applicable MOS Memory Devices: 



TMS416160 TMS416160P TMS418160 

TMS428160 TMS428160P TMS416169 

TMS426169 TMS426169P TMS428169 



TMS418160P TMS426160 
TMS41 61 69P TMS41 81 69 
TMS428169P 
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Mechanical Data 

MOS Memory Products — Commercial 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TMS28F512A TMS28F010B 
TMS27PC01 OA TMS27PC020 



TMS28F020 
TMS27PC040 



TMS27PC256 



TMS27PC510 



TMS27PC512 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDECMS-01 8 
t Applicable MOS Memory Devices: 



TMS28F210 



TMS27PC21 OA TMS27PC240 
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Mechanical Data 

MOS Memory Products — Commercial 
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NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 
t Applicable MOS Memory Devices: 



TMS27C256 
TMS27C040 



TMS27C510 
TMS27C240 



TMS27C512 



TMS27C010A 



TMS27C210A 



TMS27C020 
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Mechanical Data 
MOS Memory Products — Commercial 



N (R-PDIP-T**) 
24 PIN SHOWN 



PLASTIC DUAL-IN-LINE PACKAGEt 



12 



0.560 (14,22) 
0.520 (13,21) 



J L 

H H 0.060(1,! 



,52) TYP 



0.200 (5,08) MAX — 
0.020 (0,51) MIN -i 



z — ; : 



4— 



1 0.100 (2,54) I 



0.610(15,49) 
0.590(14,99) 



y f Seating Plane 



0.125 (3,18) MIN 
0.010 (0,25) NOM 




0°-15°^ 



^\PINS** 
DIM^\^ 


24 


28 


32 


40 


48 


52 


A MAX 


1.270 
(32,26) 


1.450 
(36,83) 


1.650 
(41,91) 


2.090 
(53,09) 


2.450 
(62,23) 


2.650 
(67,31) 


A MIN 


1.230 
(31,24) 


1.410 
(35,81) 


1.610 
(40,89) 


2.040 
(51,82) 


2.390 
(60,71) 


2.590 
(65,79) 



4040053/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within JEDEG MS -01 1 

D. Falls within JEDECMS-01 5 {32 pin only) 
t Applicable MOS Memory Devices: 



TMS28F512A 
TMS27PC010A 



TMS28F010B 



TMS28F210 



TMS27PC256 



TMS27PC510 



TMS27PC512 
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Mechanical Data 

MOS Memory Products — Commercial 



U (R-PSIM-N30) 



SINGLE-IN-LINE MEMORY MODULE* 



3.505 (89,03) 
3.495 (88,77) 



0.125 (3,18) TYP 



0.133 (3,38) TYP 




fe- 



rn 



nnnnnnnnnnnnnnnnnnnnnnnnnnn 



0.100 (2,54) 



0.400(1 0,1 6) TYP - 1 



0.070 (1,78) TYP 



0.208 (5,28) 
MAX 



0.655(16,64) 
MAX 



0.054 (1,37) 
0.047(1,19) 



40401 93/B 10/94 



NOTES: A. Ail linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Devices: 



TM497GU8 TM497EU9 
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Mechanical Data 
MOS Memory Products — Military 



FNC (R-CDCC-N24/28) 



LEADLESS CERAMIC CHIP CARRIERt 



0.460(11,68) 
0.440(11,18) 



0.785(19,94) 
0.765(19,43) 



12 



0.125(3,18) 
0.105(2,67) 



wan 



E3 * 



m 
fir?? 



1 



13 0.028(0,71) 
£ 0.022 (0,56) 



0.008 (0,20) RAD TYP 



0.050(1,2^] 



24 



3 



0.035 (0,89) MIN 

0.125 (3,18) 
0.105(2,67) 



0.080(2,03) 



0.070 (1,78) 



4040142/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ416100 



SMJ416400 
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Mechanical Data 

MOS Memory Products — Military 



FQ (R-CDCC-N20) 



LEADLESS CERAMIC CHIP CARRIERt 



0.685(17,40) 
0.665(16,89) 



| 0.357(9,07) I 
r"" 0.343(8,71) n 



10 



0.608(15,44) 
0.592 (15,04) 



0.090 (2,29) TYP 




EH 

si 



E2 

RES 

EE 
ED 



7 



11 0.028 (0,71) 
J* 0.022 (0,56) 



0.008 (0,20) RAD TYP 



t- | 0.050(1427) | 



20 



0.030 (0,76) MIN 

0.092(2,34) 
0.069(1,75) 



0.050 (1,27) TYP 



40401 43/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ44C256 



SMJ4C1024 
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Mechanical Data 
MOS Memory Products — Military 



GB (S-CPGA-P68) 



CERAMIC PIN GRID ARRAY PACKAGEt 



0.970 (24,63) 



0.950(24,13) 

H N 



0.536 (13,61) 
0.524 (13,31) 



0.100(2,54) 



0.194(4,98) 
0.166(4,16) 



0.088 (2,23) 
0.072(1,83) 



0.050(1 ,27) DIA 
4 Places 

0.018 (0,46) DIA TYP 



0.055(1,39) 
0.045 (1,14) 



0.800 (20,32) TYP 



J 


o 


o 


o 


o 


o o 


o 


o 


o 


H 


0 


® 


o 


o 


o o 


0 


® 


o 


G 


o 


o 


o 


o 


0 


o 


o 


o 


F 


o 


o 


o 






o 


o 


o 


E 


o 


0 










o 


o 


D 


o 


o 


o 






o 


o 


o 


C 


o 


o 


o 


o 


o 


o 


o 


o 


B 


o 


® 


o 


0 


o o 


0 


® 


o 


A 


o 


o 


o 


0 


o o 


0 


o 


o 



12345678 9 



4040114-14/A2/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Index mark may appear on top or bottom depending on package vendor. 

D. Pins are located within 0.005 (0,13) radius of true position relative to each other at maximum material condition and within 
0.01 5 (0,38) radius relative to the center of the ceramic. 

E. This package can be hermetically sealed with metal lids or with ceramic lids using glass frit. 

F. The pins can be gold plated or solder dipped. 

G. Falls within MIL-STD-1 835 CMGA1 -PN and CMGA1 3-PN and JEDEC MO-067AA and MO-066AA, respectively 
t Applicable MOS Memory Military Devices: 



SMJ55161 



SMJ55166 
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Mechanical Data 

MOS Memory Products — Military 



HJ (R-CDCC-J20) 



J-LEADED CERAMIC CHIP CARRIERt 



0.685 (17,40) 
0.665 (16,89) 

0.608 (15,44) 
0.592 (15,04) 



20 



11 



0.048(1,22) 
0.028 (0,71) 



4 Places 



0.338 (8,59) 
0.322(8,18) 



u u ^~ 



0.056(1,42) 



10 



0.102(2,59) 



0.010(0,25) 
0.006(0,15) 




0.050(1,27) 



0.022 (0,56) 
0.012 (0,30) 



0.035 (0,89) 
0.025 (0,64) 



Radius - 



40401 44-2 /B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals will be gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ44C256 



SMJ4C1024 
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Mechanical Data 
MOS Memory Products — Military 



HJ (R-CDCC-J28) 



J-LEADED CERAMIC CHIP CARRIERt 



0.740(18,80) 
0.720 (18.29) 

0.660(16,76) 
0.640(16,26) 



28 



15 



0 050 < 1 ' 27 > 4 Places 
0.030(0,76) * rmG °* 



0.422 (10,72) 



0.408(10,64) 



14 



0.101 (2,56) 
0.080 (2,03) 



0.050(1,27) 



HHHHHl 

41 



0.013 (0,33) 
0.006(0,15) 



0.023 (0,58) 
0.016(0,41) 



0.077(1,96) 
0.059(1,50) 



L J 

|4— 0.370 (9,40) TYP — ►) 



0.035 (0,89) 
0.025 (0,64) 




Radius 



40401 44-3/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals will be gold plated, 
t Applicable MOS Memory Military Devices: 

SMJ44C251B 
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Mechanical Data 

MOS Memory Products — Military 



HK (R-COFP-F20) 



CERAMIC DUAL FLATPACKt 



0.035 (0,89) 
0.025 (0,64) 

0.010(0,25) 
0.004(0,10) 



0.095 (2,41) 
0.075(1,91) 



Lld- 



0.310 (7,87) 
0.290 (7,37) 



0.680 (17,27) 
0.660 (16,76) 



P 

5 



5 



P 



10 



p 
5 



P 



0.390 (9,91) 
0.370 (9,40) 



0.120 (3,05) 
0.090 (2,29) 



J* 



0.050(1,27) 



1 
T 



0.021 (0,53) 
0.015(0,38) 



11 



4 0.315 (8,00) 
' 0.295(7,50) 



4040174/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ4O1024 



SMJ44C256 
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Mechanical Data 
MOS Memory Products — Military 



HKB (R-CDFP-F28) 



CERAMIC DUAL FLATPACKt 



0.045(1,14) 
0.026 (0,66) 



Ud 



0.009 (0,23) 
10) 



L 0.004 (0, 
-i 



0.130(3,32) 
0.090(2,29) 



0.030 (0,76) MIN ~M K~ 
2 Places 



0.400(10,16) 
0.350 (8,89) 



0.010(0,25) MIN 
4 Places 



0.460 (11,68) 



^ 0.440(11,18) 
12 13 



0.790 (20,01) 
0.760(19,30) 



0.370 (9,40) 
0.250 (6,35) 



0.050(1,27) 



L 0-021 (0.53) 
0.015(0,38) 



28 



40401 20/B 10/94 



NOTES: A. Ail linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ416100 



SMJ416400 
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Mechanical Data 

MOS Memory Products — Military 



HKC (R-CDFP-F64) 



CERAMIC DUAL FLATPACK WITH TIE BARt 



1.620(41,14) 




0.026 (0,66) MIN- 

0.150(3,81) 
0.100 (2,54) " 



0.070(1,78) 
0.055(1,40)"^ 



0.320(8,13) 
0.295 (7,49) 



0.0079 (0,200) 
0.0043(0,110) ' 
0.040(1,02) 
0.030 (0,76) 



4073160/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. All leads not shown for clarity purposes, 
t Applicable MOS Memory Military Devices: 



SMJ55161 



SMJ55166 
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Mechanical Data 
MOS Memory Products — Military 



HKD (R-CDFP-F50) 



CERAMIC DUAL FLATPACKt 



Pin 1 1ndex Area 



19,45 
18,95 




0,80 TYP 



9,40 
6,35 



16,90 
16,10 



3,55 
2,80 

i_ 



0,23 
0,10 



i- 



|*- 2,l 



00 TYP 



0,76 MIN 



14,90 
14,10 




21,40 
20,60 



0,38 MIN 
(4 PLACES) 




4081 537/ A 4/95 



NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Military Devices: 



SMJ416160 SMJ418160 
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Mechanical Data 

MOS Memory Products — Military 



HL (R-CDCC-N20/26) 



LEADLESS CERAMIC CHIP CARRIERt 



0.685 (17,40) 
0.665(16,89) 



L 0.357(9,07) J 

^ 0.343(8,71) " ~ 



10 



0.608(15,44) 
0.592(15,04) 



0.028 (0,71) 
D f 0.022 (0,56) 




0.090 (2,29) TYP- 



11 



-0.008 (0,20) RAD TYP 



^ L | 0.050(1,27)"] 



20 



0.030 (0,76) MIN 



K- 



0.080 (2,03) 
0.065 (1 ,65) 



Z3 



0.050(1,27) TYP 



4040145/B 4/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ44C256 



SMJ4C1024 



SMJ44100 



SMJ44400 
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Mechanical Data 
MOS Memory Products — Military 



HM (R-CDCC-N28) 



LEADLESS CERAMIC CHIP CARRIERt 



0.730 (18,54) 
0.710(18,03) 



L 0.405(10,29) J 

~ 0.395(10,03) ^ 



EZ3 



1 E 



i 1 



0.100 (2,54) TYP — \i » 




0.028 (0,71) 
0.022 (0,56) 



0.008 (0,20) RAD TYP 



| 0.050(1,27)"" 



28 



0.070(1,78) 
0.050 (1,27) 

0.100 (2,54) 
0.080 (2,03) 



Z3 
H3 



0.075 (1,91) TYP 



4040146-3/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ44C251B 
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Mechanical Data 

MOS Memory Products — Military 



HR (R-COFP-F20) 



CERAMIC DUAL FLATPACKt 



0.715(18,16) 
0.685 (17,39) 



0.035 (0,89) 
0.025 (0,64) 



I 



0.009 (0,23) 
0.004(0,10) 



r 0.100 (2,54) MIN 



9 



9 



10 



0.500 (12,70) 
0.480(12,19) 



20 



j: 



0.050(1 ,27) TYP 



0.022 (0,56) 
0.015(0,38) 



11 



0.370 (9,40) 
0.250 (6,35) 



0.100(2,54) 
0.080(2,03) 



40401 75/C 5/95 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 
t Applicable MOS Memory Military Devices: 



SMJ44100 



SMJ44400 
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Mechanical Data 
MOS Memory Products — Military 



J (R-CDIP-T**) 

24 PIN SHOWN 



CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGEt 




0.065(1,65) 
0.045(1,14) 



0.090(2,29) 
0.060 (1,53) 



12 



0.175(4,45) 
0.018(0.46, M,N-T ,40W 



Lens Protrusion 
0.010 (0,25) MAX 




100(2,54) 



0.008 (0,20) 



DIM 


PINS** 


24 

NARR WIDE 


28 

NARR WIDE 


32 

NARR WIDE 


40 

NARR WIDE 


A 


MAX 


0.624(15,85) 


0.624(15,85) 


0.624(15,85) 


0.624(15,85) 


0.624(15,85) 


0.624(15,85) 


0.624(15,85) 


0.624(15,85) 




MIN 


0.590(14,99) 


0.590(14,99) 


0.590(14,99) 


0.590(14,99) 


0.590(14,99) 


0.590(14,99) 


0.590(14,99) 


0.590(14,99) 


B 


MAX 


1.265(32,13) 


1.265(32,13) 


1.465(37,21) 


1.465(37,21) 


1.668(42,37) 


1.668(42,37) 


2.068(52,53) 


2.068(52,53) 


MIN 


1.235(31,37) 


1.235(31,37) 


1.435(36,45) 


1.435(36,45) 


1.632(41,45) 


1.632(41,45) 


2.032(51,61) 


2.032(51,61) 


C 


MAX 


0.541(13,74) 


0.598(15,19) 


0.541(13,74) 


0.598(15,19) 


0.541(13,74) 


0.598(15,19) 


0.541(13,74) 


0.598(15,19) 


MIN 


0.514(13,06) 


0.571(14,50) 


0.514(13,06) 


0.571(14,50) 


0.514(13,06) 


0.571(14,50) 


0.514(13,06) 


0.571(14,50) 



4040084/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only 
t Applicable MOS Memory Military Devices: 



SMJ27C128 



SMJ27C040 
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Mechanical Data 

MOS Memory Products — Military 



JD(R-CDIP-T**) 
22 PIN SHOWN 



CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGEt 



22 



12 



"\JPINS** 


18 


20 


22 


A MAX 


0.910 
(23,11) 


1.010 
(25,65) 


1.100 
(27,94) 



0.410(10,41) 
TYP 



J \ 4 0-065(1,65) 



0.045(1,14) 



1 



0.070 (1,78) MAX 
4 Places 



0.140 (3,56) MAX — i 



0.100 (2,54) 



Seating Plane 



0.015 (0,38) MIN 



0.420(10,67) 



0.390(9,91) 



' — 0.125 (3,18) MIN 



0.021 (0,53) 
0.015(0,38) 



II " 

_JL_ 0.014(0,3 
nnnamo 



,36) 

0.008 (0,20) 



4040088/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 

SMJ44100 
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Mechanical Data 
MOS Memory Products — Military 



JD (R-CDIP-T**) 
20 PIN SHOWN 



CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGEt 



20 



11 



v / 



"\PINS** 


16 


18 


20 


24 


A MAX 


0.810 
(20,57) 


0.910 
(23,11) 


1.010 
(25,65) 


1.100 
(27,94) 



0.290 (7,37) 
TYP 



0.065(1,65) 
0.054(1,14) 



10 



1 



0.075(1,91) MAX 4 Places 



0.175(4,45) 
0.140 (3,56) 



»| <— | 0.100(2,547] 



T 



Seating Plane 



0.020 (0,51) MIN 



' — 0.125 (3,18) MIN 



0.021 (0,53) 
0.015(0,38) 



0.320(8,13) 



0.290 (7,36) 



0°-15\ 
0.012(0,30) 



0.008 (0,20) 

4040086/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ44C256 



SMJ4C1024 
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Mechanical Data 

MOS Memory Products — Military 



JD (R-CDIP-T**) 
24 PIN SHOWN 



CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGEt 



24 



0.065(1,65) 
0.045(1,14) 



1 



0.075(1,91) MAX 
4 Places 



—►I [+— I 0.100(2,54)] 





^\JPINS** 


24 


28 


40 


48 


52 


A MAX 


1.250 
(31,75) 


1.450 
(36,83) 


2.050 
(52,07) 


2.435 
(61,85) 


2.650 
(67,31) 



0.590(15,00) 
TYP 



0.175(4,45) 
0.140(3,56) 



L 



0.620 (15,75) 



0.590(14,99) 



Seating Plane 



0.020 (0,51) MIN 
0.125 (3,18) MIN 



0.021 (0,53) 
0.015(0,38) 



0°-15°. 



0.012 (0,30) 
0.008 (0,20) 



4040087/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated, 
t Applicable MOS Memory Military Devices: 



SMJ44C251B 
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Mechanical Data 
MOS Memory Products — Military 



JDB (R-CDIP-T**) 
20 PIN SHOWN 



CERAMIC SIDE-BRAZE DUAL-IN-LINE PACKAGEt 



20 



1 —J L— °-° 7o(i; 



78) 

0.030 (0,76) 



1 



0.075 (1,91) MAX 
4 Places 



— +| |#— [ 0.100(2,5^1 



11 



^\PINS«* 


18 


20 


A MAX 


0.910 
(23,11) 


1.010 
(25,65) 



0.290 (7,37) TYP 



10 



0.200 (5,08) MAX — | 




rr 



Seating Plane 



0.020 (0,51) MIN 



0.125 (3,18) MIN 

0.021 (0,53) 
0.015(0,38) 



0.320(8,13) 



0.290 (7,36) 



0°-10° 

0.015(0,38) 
0.008 (0,20) 



4040090/ B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Falls within MIL-STD-1 835 GDIP1-T1 8, GDIP1 -T20 and JEDEC MS-01 5 AD, MS-01 5 AE 
t Applicable MOS Memory Military Devices: 



SMJ44100 



SMJ44400 
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MOS Memory Products — Military 



SV (R-CZIP-T**) 

20 PIN SHOWN 



CERAMIC ZIG-ZAG PACKAGEt 




XX 



0.200(5,08) 
0.125(3,18) 



Seating Plane 



0.050(1,27) 
0.015(0,38) 



r 



0.060(1,52) 
0.040(1,02) 



-| 0.100(2,547" 
19 



0.130(3,30) 
0.100(2,54) 



□□□□□□□□□□ 



t 0.015(0,38) 
0.008 (0,20) 
0.115(2,92) 
0.085(2,16) 




0.023 (0,58) 



0.015(0,38) 



2 4 



8 10 12 14 16 18 20 

_ °- 07 °( 1 ' 78 ) 
0.040(1,02) 



0.375 (9,52) 
0.355 (9,02) 



^\^PINS** 
DIM 


20 


24 


28 


A MAX 


1.065 
(27,05) 


1.265 
(32,13) 


1.465 
(37,21) 


A MIN 


1.035 
(26,29) 


1.235 
(31,37) 


1.435 
(36,45) 


B MAX 


0.380 
(9,65) 


0.465 
(11,81) 


0.465 
(11,81) 


B MIN 


0.355 
(9,02) 


0.440 
(11,18) 


0.440 
(11,18) 


C MAX 


0.910 
(23,11) 


1.110 
(28,19) 


1.310 
(33,27) 


C MIN 


0.890 
(22,61) 


1.090 
(27,69) 


1.290 
(32,77) 



4040002/B 10/94 



NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice, 
t Applicable MOS Memory Military Devices: 



SMJ44C256 



SMJ4C1024 



SMJ44400 



SMJ416400 



SMJ44C251B 
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EXPLANATION OF IEEE/IEC LOGIC SYMBOLS FOR MEMORIES 

Introduction 

The International Electrotechnical Commission (IEC) has developed a very powerful symbolic language that 
shows the relationship of each input of a digital logic circuit to each output without showing explicitly the internal 
logic. At the heart of the system is dependency notation, which is partially explained below. 

The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. Lacking 
at that time a complete development of dependency notation, it offered little more than a substitution of 
rectangular shapes for the familiar distinctive shapes for representing the basic functions of AND, OR, negation, 
etc. This is no longer the case. 

The current standards are IEC Publication 617-12, 1983 and ANSI/IEEE Standard 91-1984. Most of the data 
sheets in this data book include symbols prepared in accordance with these standards. The explanation that 
follows is necessarily brief and greatly condensed from the explanation given in the standards. This explanation 
is not intended to be sufficient for people who will be developing symbols for new devices. It is primarily intended 
to make possible the understanding of the symbols used in this book. 

Explanation of a Typical Symbol For a Static Memory 

The TMS27C400 symbol is explained in detail. This symbol includes almost all of the features found in the OTP 
PROMs arid EPROMs. 

The address inputs are arranged in order of their assigned binary weights and the range of addresses is shown 
as where m is the decimal equivalent of the lowest address and n is the highest. The outputs affected by 
these addresses are indicated by the letter A, as data inputs also would be if the device were a RAM. 

The polarity indicator fc* indicates that the external low level causes the internal 1 -state (the active or asserted 
state) at an input or that the internal 1 -state causes the external low level at an output. The effect is similar to 
specifying positive logic and using the negation symbol o. 



A10 
A11 
A12 
A13 
A14 



21 



23 



26 



27 



22 



The TMS27C400 Symbol 



AO 
A1 
A2 


9 


8 


A3 


7 


A4 


6 


A5 


5 


A6 


4 




3 


A7 
A8 


25 


A9 


24 



EPROM 
32 768 x8 



> A 



32 767 



14/ 
[PWR DWN] 
EN 



AV 
AV 
AV 
AV 
AV 
AV 
AV 
AV 



12 



13 



15 



16 



17 



18 



19 



DQ1 
DQ2 
DQ3 
DQ4 
DQ5 
DQ6 
DQ7 
DQ8 



The v symbols indicate 3-state outputs. The 3-state 
outputs are always controlled by an EN function. 
When EN stands at its internal 1 -state, the outputs are 
enabled; when EN stands at its internal O-state, the 
outputs stand at their high-impedance states. 
Sometimes the EN is a single input, but in the 
illustrated case, it is the output of a two-input AND 
gate. Both inputs (pins 20 and 22) are active low, so 
if one of them goes high, the outputs is disabled. The 
upper one of these two inputs (pin 20) has another 
function. When nonstandard labels and explanatory 
labels are used within symbols, they are enclosed 
within square brackets. Here we find the label M [PWR 
DWN]". This is intended to indicate that if pin 20 is 
high, the memory will go to a low-power standby state. 
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TheBasics 

The next section shows the most common building blocks that are used in constructing symbols for memories. 
On the left are shown the symbols that specify the active levels for level-operated inputs and the direction of 
active transition for dynamic inputs. 

It is preferred to show all input lines on the left and all output lines on the right. When an exception is made to 
this left-to-right signal flow, an arrowhead is used to show the reverse signal flow. Three symbols are shown 
that indicate 3-state, open-drain, and open-source outputs. If none of these is used, the output should be 
assumed to be totem-pole. The common control block is a point of replacement for inputs that affect an array 
of elements. 

The drawings on the right define the three forms of dependency notation used in this book. At an input (or output) 
that affects other inputs or outputs, a letter (G, C, or Z) is placed followed by a number. That same number is 
placed at the affected inputs and outputs. The letter Q indicates that an AND relationship exists; if the affecting 
input stands at the 0-state, it imposes that 0-state on the affected input or output. The letter C indicates a control 
relationship, usually between clock and a D (data) input. If the C input stands at its 0-state, the affected input 
is disabled. A D input is always an input to a storage element, which it either sets to the 1 -state or resets to the 
0-state, unless the D input is disabled to have no effect. Z dependency is used to transfer a signal from one place 
in a symbol to another, for example from the output at Z4 across to a terminal labeled "4", or from the output 
at Z5 back to the "5" where it serves as an input with no terminal attached. 
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Diagrammatic Summary 
INPUTS 



Active H (high) 
Active L (low) 
^> Active on L-to-H transition 



Active on H-to-L transition 



INPUT/OUTPUT 



G (AND) DEPENDENCY 
G5 a • O " 



O 5 




a 1 




& 


lb 


D 

ZZ c — 


< 


i 


& 


ac 


d 


— 0 


& 


ad 



OUTPUTS 

Active high 

Active lowt 
3-State V 
Open-Circuit (L-type)t £ 
Open-Circuit (H-type)U ^ 



COMMON CONTROL BLOCK 



b — 



d — 



C (CONTROL) DEPENDENCY 



C2 
2D 



[STORAGE] 
S [Set] 



R [Reset] 



Z (INTERCONNECTION) DEPENDENCY 



I Z4 
5 Z5 



t The active-low indicator may be used in combination 
with the 3-state and open-circuit indicators. 

* L-types include N-channel open-drain and P-channel 
open-source outputs. 

' H-types include P-channel open-drain and N-channel 
open-source outputs. 
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Explanation of a Typical Symbol for a Dynamic Memory 



AO 
A1 
A2 
A3 



A4-!*- 



A6-H- 



A7 ■ 
A8 • 
A9 • 



The TMS4C1024 Symbol The TMS4C1024 symbol will be explained in detail for each 

operating function. The assumption is made that the previous 
sections have been read and understood. While this symbol 
is complex, so is the device it represents and the symbol 
shows how the part will perform depending on the sequence 
in which signals are applied. 



w • 

D • 



RAM1024KX1 
20D 10/21 DO 



> A. 



20D19/21D9 
> C20[ROW] 
Q23/[REFRESH ROW] 
24[PWR DWN] 

C21[COL] 
G24 



A.22D 



AV 



Addressing 

The symbol above makes use of an abbreviated form to show the multiplexed, latched addresses. The blocks 
representing the address latches are implied but not shown. 



AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
RAS 
CAS 



20D10/21D0 



> A 



_ 20D19/21D9 
^ > C20 
> C21 



1 048 575 



CAS- 
A0- 



A1 . 
A2. 



A3. 



A4. 



A5- 



A6. 



A7_ 

A8- 

A9" 
RAS- 



J^>C21 



21 D 



>C20 



20D 



0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



1048 575 



When RAS goes low, it momentarily ena bles ( through C20, > indicates a dynamic input) the D inputs of the ten 
address registers 10 through 19. When CAS goes low, it momentarily enables (through C21) the D inputs of 
the ten address registers 0 through 9. The outputs of the address registers are in 20 internal address lines that 
select 1 of 1 048 576 cells. 
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Refresh 

RAS [REFRESH ROW] 



When RAS goes low, row refresh starts. It ends when RAS goes 
high. The other input signals required for refreshing are not 
indicated by the symbol. 



Power Down 

RAS — 24[PWRDWN] 

CAS G24 



CAS is ANDed with RAS (through G24) so when RAS and CAS 
are both high, the device is powered down. 



Write 



RAS 
CAS 

w 

D 





G23 




& 


IN 




A.22D 





23C22 



By virtue of the AND relationship between CAS and W (explicitly 
shown) , when either one of the se inp uts goes low with the other 
one and RAS is already low ( RAS is ANDed by G23), the D 
input is momentarily enabled (through C22). In an "early-write" 
cycle it is W that goes low first; this causes the output to remain 
off as explained below. 



Read 

The ANDed result of RAS and W (produced by G 23) is 
clocked into a latch (through C21 ) at t he instant CAS 
goes low. This result will be "1" if RAS is low and W is 
high. The complement of CAS is shown to be ANDed 
with the ou tput o f the latch (by G24 and 24). Therefore, 
as long as CAS stays low, the output is enabled. In the 
"early-write" cycle referred to ab ove, a "0" was stored in 
the latch by W being low when CAS went low, so the 
output remained disabled. 

IEEE Standards may be purchased from: 

Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th Street 
New York, New York 1 001 7 

International Electrotechnical Commission (I EC) publications may be purchased from: 

American National Standards Institute, Inc. 

1430 Broadway 

New York, New York 1 001 8 



CAS • ^ > C21 

I G24 

RAS — ^ G23 

W 23,21 P | 24EN A V 
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MOS MEMORY QUALITY AND RELIABILITY STRATEGY 



Texas Instruments is committed to providing its customers with reliable, high quality memory products. MOS 
Memory management has applied a four-point quality and reliability strategy to: 

• Provide customers with the lowest cost of product ownership through quality, reliability, and service by: 

- On-time delivery to minimize customer inventory. 

- Quality performance that justifies ship-to-stock certification and eliminates the cost of component testing. 

- No system manufacturing fallout. 

- No warranty and service costs. 

• Develop partnership relationships to service and solve customer problems and anticipate upcoming needs. 

• Live the quality improvement process from product creation and manufacturing through product sales via our total 
quality control approach of: 

- Quality Function Deployment. 

- Design-in and build-in quality and reliability. 

- In-control manufacturing. 

- Leadership customer service. 

• Measure Tl's performance by the customer's measurement and perception. The performance standard is continu- 
ous customer satisfaction. 

Total Quality Control (TQC) 

Total Quality Control (TQC) at Tl is a business management process encompassing all company functions. The 
goal of TQC is continuous customer satisfaction. Utilizing a process of improvement through a positive feedback 
cycle, TQC is deployed in the MOS Memory Division from the initial design-in Q&R stage, in-control manufacturing, 
and customer service (see Figure 1). 








PLAN Understand 
Customer 
Care-abouts 



Define 

Requirements 



Establish 
Baseline 



Service— On-time 
Delivery, 

JIT(Just In Time), 
Ship-To-Stock, 
Joint Qualification 



DO Product 

Specification 



Design rules/ 

Package 

Capability 



Document/Audit/ 
Control 
Through 
Standards/SPC 



CHECK Customer 
Survey 



Process 
Assurance 



Measure/Assess 

Through 

Reliability 

Testing 



Support — Field 
Through Factory 



ACT Improve 
Design 



Analysis/ 
improvement 



Verify — Feedback 
With Customer 
Assessment 




Product/Process 
Improvement 



J 



Figure 1. Total Quality Control 
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Total Quality Control (TQC) (Continued) 

Proper application of the concept of "PLAN-DO-CHECK-ACF allows a positive feedback loop that creates con- 
tinuous improvement and breakthrough, as opposed to the "FIX-FIX-FIX-FIX" results of a negative loop (see 
Figure 2). 

Quality Function Deployment 

Continuous customer satisfaction can be achieved only by fully understanding customer needs, then introducing 
innovative products that satisfy those needs. Quality Function Deployment (QFD) accomplishes both purposes at 
Tl . QFD is a technique that systematically records the voice of the customer, identifying product and service attributes 
most important to the customer. QFD then blends these needs with the talents and innovations of a Tl design team 
to define a manufacturable, reliable product solution for the customer. 

Design-In Quality and Reliability 

Quality and reliability improvements at Tl start with the chip and package design. The objective of MOS Memory's 
Design-In Quality and Reliability (DIR) thrust is first-pass qualification of new products, internally and at the customer. 
The Tl approach to DIR has been to understand customer requirements of a product, and to formalize this knowledge 
into a database that incorporates both reliability modeling knowledge, and "lessons learned" from historical problems 
and engineering evaluations. Before any new design is approved, the design is verified against a DIR "checklist". 
Design verification is planned to evolve to computer verification utilizing artificial intelligence. 



From Negative Loop To Positive Loop 




Figure 2. TQC Philosophy 

In-Control Manufacturing 

Documentation/Audit System 

To assure in-control manufacturing, Tl employs a hierarchical specification system. General specifications on all 
aspects of quality, reliability, and customer service are written and controlled by the central Quality and Reliability 
group. More detailed specifications control the operating practices of design, manufacturing, marketing, and other 
support organizations. These specifications follow guidelines set by the higher-level specifications, but concentrate 
on the type of business entity. 
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In-Control Manufacturing (continued) 

Regularly scheduled audits are performed within Tl to ensure compliance with all specifications. The five types 
of audits performed are: 

1 . Self audit: An internal audit within each functional operation. This type of audit is conducted by persons within the 
operation and an additional person from outside the operation. 

2. Cross-audit: An audit by persons independent of the operation being audited. 

3. Group audit: An audit of an operation conducted by the Semiconductor Group audits and procedures function, 
which is a part of the central Quality and Reliability organization. 

4. Procedures audit: An audit of lower-level specifications with respect to higher-level specifications. 

5. Compliance audit: An audit of operating practices with respect to specifications. 

Statistical Process Control (SPC) 

Quality improvement is achieved through Statistical Process Control (SPC). SPC is applied throughout the 
manufacturing operations of the MOS Memory division. The objectives of SPC are: 

- Control processes on a realtime basis. 

- Improve process capability (CP). 

- Reduce variability to target value (CPK). 

- Eliminate "out-of-spec" lots. 
-Achieve dependable delivery. 

- Lower cost-of-quality. 

Computer hardware and artificial intelligence software have been coupled to establish interactive control allowing 
the computer to generate realtime control charts and prompt adjustments to equipment and processes 
(see Figure 3). 




Identify Problems and 
Data Collection 
- Pareto of Defects 



Training 

- SPC 

- Design of Experiments 




Identify Source of Variation 

- Multi-Variable Chart 

- Fish-Bone 



□ 



Control Charts 

- Control to Target 

- Reduce Variability 



c 



Capability Studies 

- Process Spread 

- Spec Spread 



Figure 3. Computer-Aided Statistical Process Control 
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Die Fabrication Control 

In addition to extensive SPC applications in our MOS fabrication centers, Tl implements wafer-level quality and 
reliability controls. 

Wafer-level quality control focuses on reduction of variability around target values (CPK) for key functionality pa- 
rameters and controls the processes that affect these parameters. For example: Column access time (tcAC) is a key 
DRAM parameter. One of the die manufacturing processes that affects tcAC is the photo etch. To reduce variability 
of the target value of tcAO polysilicon-width dimension is controlled at the photo etch process. 

Wafer-level reliability controls address process control of known reliability hazards. For example: Excessive 
phosphorus use in die processing can lead to corrosion defects in the finished device. Wafer-level reliability controls 
require that phosphorus level control be built into the manufacturing process and that action be prescribed for out-of- 
control material. Other wafer-level reliability controls are shown in the following table. 



Table 1. Wafer Reliability Controls 



PARAMETER 


CONTROL 


Metal 

Protective Overcoat 
Corrosion 

Gate Oxide Integrity 


Electromigration Testing, Grain Size, Silicon Nodule Monitor 
Step Coverage/Metal Necking Monitor 
Stress-Induced Metal Void Testing 

P.O. Integrity 
Stress Testing 
Thickness Monitor 
Refraction 

% Phosphorus In Multilevel Oxide Monitor 
Breakdown Voltage 



Device Assembly Control 

Tl has also implemented assembly level reliability controls and SPC at critical assembly points (see Table 2) to 
ensure highly reliable device packaging. Each parameter has certain controls performed at appropriate frequencies 
to ensure that assembly processing is at qualified levels. Controls may be added or reduced after extensive testing 
has been performed. Results are carefully studied and fed back to preclude reliability problem introduction into the 
assembly process. Some of the parameters and controls are shown in Table 3. 



Table 2. Major Assembly Steps Using SPC/SQCt 



PLASTIC DEVICE ASSEMBLY 


Process 


Control Parameter 


Mount 


% Coverage of Epoxy 


Bond 


Bond Strength 


Mold 


Temperature and Molding Parameters 


Trim/Form 


Lead Deflection (DIP) 


CERAMIC DEVICE ASSEMBLY 


Bond 


Bond Strength 


Seal 


Seal Furnace Temperature 



t Statistical Process Control/Statistical Quality Control 
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Table 3. MOS Memory Assembly Level Reliability Controls 



PARAMETER 


CONTROL 


P.O. Integrity 


Contactless Wafer Mount on Tape Die Mount System 

rviuiu ooinpuunu r cucuiioioro 


Chip/Crack 


Visual Inspection 

Temp Cycle 

Saw Blade Conditions 

Poker Pin Height 

Wet Etch Monitor (EPROM) 


Bond Integrity 


Bond Strength Monitor 
Bond Parameters 
Bake/Bond Pull Monitor 
Capillary Change 


Package Integrity 


Visual Inspection 
Mold Press Parameters (Plastic) 
X-Ray Inspection (Plastic) 
Trim/Form (Plastic) 
Package Seal (Ceramic) 
Temp Cycle (Ceramic) 
Hermeticity Monitor (Ceramic) 


Die Mount Integrity 


Die-Shear Monitor 
Centrifuge Monitor 
X-Ray Inspect 

Leadframe Polyimide Pattern Inspect 
Pick-Up Arm Force 


Contamination 


Visual Inspection 



Product Assessment/Improvement 

Reliability Control System 

The MOS Memory reliability control system (Figure 4) provides closed-loop-system feedback resulting in correc- 
tive actions and ongoing product improvements. Each new product, process, or major change to an existing product 
is internally qualified to industry leadership standards prior to production. This is followed by intensive monitoring 
during production ramp-up and reliability monitoring each month, once a product achieves final production release. 

Reliability Development Issues 

Soft Error: Tl does extensive work in all phases of device development to minimize the effects of soft errors. Soft 
errors are caused by alpha particles emitted by the decay of small amounts of thorium and uranium located in device 
packaging materials. Tl maintains an aggressive program of evaluating new mold compounds to ensure low alpha 
emmissivity. Certain device design and processing techniques are also applied to ensure a low soft-error rate. The 
goal of device design and processing is to maximize the cell capacitance by employing an oxide-nitride dielectric, 
as opposed to an oxide dielectric. Also, the cell capacitance increases as the dielectric thickness decreases. Testing 
has shown that the trench capacitor used in dynamic RAMs has competitive soft-error rates. 

Channel Hot Electron: Channel hot electrons are caused by impact ionization in the drain pinch-off region. 
Electrons are accelerated toward the drain, collide with positive ions, and can be trapped in the gate oxide. This 
trapped charge can change the characteristics of the transistor by raising the Vj (threshold voltage). One method 
employed to reduce the effects of hot electrons is to add a lightly doped drain to reduce the electric field at the gate. 
Testing for channel hot electrons is performed at a low temperature (-10°C) and a high drain voltage. 

Latch-up: A CMOS device can latch-up when the gain of the parasitic PNP+NPN transistors is greater than 1 . 
These PNP+NPN transistors act as a silicon controlled rectifier (SCR). If enough current flows through the resistors, 
the transistors will turn on and the device will latch-up. 

To control latch-up, the SCR gain must be controlled to less than or equal to one. Methods for improving latch-up 
immunity include incorporating guard rings between P+ and N+ diffusions, and isolating P+ and N+ diffusions. 

Latch-up testing is performed to ensure our CMOS devices meet the minimum holding current for industry 
standards. 
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Customer Service 

Quality, Reliability, Service, and the Cost of Ownership 

The goal of Texas Instruments is to offer the best quality, reliability, and service in the semiconductor industry. 
The foundation for this approach is to ship consistent quality. Consistent quality allows ship-to-stock programs that 
foster the elimination of the customer's incoming inspection. Ship-to-stock quality, coupled with 1 00% on-time deliv- 
ery to narrow shipping windows means support of the customer's just-in-time manufacturing program. This combina- 
tion of quality, reliability, and service can be measured by a single index called "the cost of ownership". The "cost of 
ownership" is defined as being composed of the purchase price, quality adders (for incoming inspection and board 
rework) , inventory adders (for maintenance of a buffer inventory for suppliers who cannot meet just-in-time delivery) , 
in-house reliability adders (for system burn-in and rework) , and field reliability adders (for warranty and post-warranty 
field repairs). 

For more information about the cost-of-ownership concept, contact your local Tl sales office and request the 
brochure "Texas Instruments Lowers Semiconductor Cost of Ownership", SSYB057. 

Quality Improvement 

Significant improvement in product quality has been achieved through: 

- Better definition of customer's requirements. 

- Greater emphasis on quality as a design criterion. 

- Improved control of incoming materials. 

- Intensive training of supervisors and operators. 

- Extensive use of statistical process control. 

- More automation of operations to minimize operator-related defects. 



QUALIFICATION 


PRODUCTION RAMP LOT ACCEPT 


FINAL PRODUCTION RELEASE 


Baseline process 
3-6 diffusion lots 

Worst case customer qualification 
requirements 

TESTS 


Baseline process 

Reliability lot acceptance concurrent with 
qualifications 

Review of data once sufficient lots have been 
sampled 

TESTS 


Control each package/wafer fabrication 
site/device combination 

Ongoing reliability monitor of 125°C op life, 
data retention bake, temperature cycle, 
85/85, autoclave, package integrity, and 
internal cavity moisture 

Control limits for each test based on product 
capability 

Early failure rate monitor 


125°C Op life 

EFRt 

85/85 

Temperature cycle 
Pressure cooker test 
PSP/PVP* 
Static bias/storage 
Soft error 

Data retention bake 
Electromigration 
Package integrity 
ESD 


Early Failure Ratet 

High temperature reverse bias§ 

Temperature cycle 

Pressure cooker test 

Bake 

85/85§ 



t DRAM - 1 25°C OPL, 80 rpurs 

EPROM & OTP - 200°C bake, 44 hours (OTP in ceramic package) 
* PSP: Pressure cooker, Solder dip, Pressure cooker 

PVP: Pressure cooker, Vapor phase, Pressure cooker 
§ Non-Volatile only 



Figure 4. Reliability Control System 
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Quality and Reliability 



As is demonstrated in Figure 5, MOS Memory EPROM and DRAM outgoing quality has dramatically improved 
during the last few years. This significant improvement has occurred for all Tl product lines and has been recognized 
publicly by many of our customers, who have given Tl more than 70 major quality awards in the last several years. 
Included among these awards are Ford's Q-1 and TQE Awards, the U.S. Naval Quality Award, and the Deming Prize, 
which is Japan's most prestigious quality award. 

Reliability Improvement 

Low IC failure rates are achieved through design-in reliability, computer aided design, stringent qualification test- 
ing prior to product release, routine monitoring of released products, and an extensive failure mode tracking and 
feedback system for IC failures. 

Each generation of MOS Memory products has exhibited a device failure rate improvement trend, and each new 
generation shows a step function improvement in quality and reliability over the previous generation (see Figures 5 
and 6). Even though the memory device complexity increases in an ongoing manner, Tl's failure rate by function has 
improved at an even faster pace. Tl continues to emphasize reliability improvement as a major factor in reducing the 
total cost of ownership for our customers. Reliability improvement is reflected as a reduction in the expected field 
failures during system lifetime. 

Up-to-date quality and reliability data for MOS Memory products is available. Please contact your local Tl sales 
office for information. 
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Figure 5. MOS Memory Quality Improvement 
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Quality and Reliability 
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Figure 6. MOS Memory Reliability Improvement 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 

Devices and Assemblies 



Scope 



This guideline establishes the requirements for methods and materials used to protect electronic parts, devices, 
and assemblies (items) that are susceptible to damage or degradation from electrostatic discharge (ESD). The 
electrostatic charges referred to in this specification are generated and stored on surfaces of ordinary plastics, most 
common textile garments, ungrounded person's bodies, and many other commonly unnoticed static generators. The 
passage of these charges through an electrostatic-sensitive part may result in catastrophic failure or performance 
degradation of the part. 

The part types for which these requirements are applicable include, but are not limited to the following: 

1 . All metal-oxide semiconductor (MOS) devices; e.g., CMOS, PMOS, etc. 

2. Junction field-effect transistors (JFET) 

3. Bipolar digital and linear circuits 

4. Op-amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or 
other MOS elements 

5. Hybrid microcircuits and assemblies containing any of the types of devices listed 

6. Printed circuit boards and other types of assembly containing static-sensitive devices 

7. Thin-film passive devices 



1. Electrostatic Discharge (ESD): A transfer of electrostatic charges between bodies at different 
electrostatic potentials caused by direct contact or electrostatic field induction. 

2. Conductive material: Material having a surface resistivity of 1 0 5 Q/square maximum. 

3. Static dissipative material: Material having a surface resistivity between 1 0 s and 1 0 9 Q/square. 

4. Antistatic material: Material having a surface resistivity between 1 0 9 and 1 0 14 Q/square 

5. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length 
and unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface 
resistance between two electrodes forming opposite sides of a square. The size of the square is 
immaterial. Surface resistivity applies to both surface and volume conductive materials and has the 
dimension of Q/square. 

6. Volume resistivity: Also referred to as bulk resistivity, it is normally determined by measuring the 
resistance (R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 

7. Ionizer: A blower that generates positive and negative ions, either by electrostatic means or from a 
radioactive energy source in an airstream and distributes a layer of low velocity ionized air over a work 
area to neutralize static charges. 

8. Close proximity: For the purpose of this guideline, 6 inches or less. 

Device Sensitivity per Test Circuit of Method 301 5, MIL-STD-883C 

1. Devices are categorized according to their susceptibility to damage resulting from electrostatic 
discharges (ESD). 



2. Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, 
test, and shipment of completed equipment. 



Definitions 



Category 

Class 1 
Class 2 
Class 3 



ESD Sensitivity 

0V- 1999 V 
2000 V -3999 V 
4000 V and above 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 



Applicable Reference Documents 

The following reference documents (of latest issue) can provide additional information on ESD controls. 

1. M I L-M-3851 0 Microcircuits, General Specification 

2. MIL-STD-883 Test Methods and Procedures for Microelectronics 

3. MIL-STD-1 9491 Semiconductor Devices, Packaging of 

4. MIL-M-55565 Microcircuits, Packaging of 

5. DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection 

6. DOD-STD-1686 Electrostatic Discharge Control Program ' 

7. NAVSEA SE 003-1 1 -TRN-01 0 Electrostatic Discharge Training Manual 

8. JEDEC Standard Publication 108 

Facilities for Static-Free Workstation 

The minimum acceptable static-free workstation shall consist of a work surface covered with static dissipative 
material attached to ground through a 1 MQ ± 10% resistor, an attached grounding wrist strap with integral 
1 MQ ±10% resistor for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap shall 
be connected to the static dissipative material. Ground shall utilize the standard building earth ground; refer to Figure 
1 . Conductive floor tile/carpet along with conductive shoes may be used in lieu of the conductive wrist straps for 
non-seated personnel. The Site Safety Engineer must review and approve all electrical connections at the static-free 
workstation prior to its implementation. 

Air ionizers shall be positioned so that the devices at the static-free workstations are within a 4-foot arc measured 
by a vertical line from the face of the ionizer and 45 degrees on each side of this line. 

General grounding requirements are to be in accordance with Table 1 . 



All electrical equipment sitting on the conductive table top must be hard grounded but must be isolated from the static dissipative work surface. 
NOTE A: Earth ground is not computer ground or RF ground or any other limited-type ground. 

Figure 1. Static-Free Workstation 




(optional) 




ESD Protective 
Floor Mat 

(optional) 7 Work Bench 




Texas 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 

Devices and Assemblies 



Table 1. General Grounding Requirements 





Treated With Antistatic 
Solution or Made of 
Conductive Material 


Grounded to 
Common Point 


Static Dlsslpatlve 
Material 


Handling Equipment/ 
Handtools 


X 




X 


Metal Parts of Fixtures and 
Tools/Storage Racks 




X 




Handling Trays/Tubes 


X 




X 


Soldering Irons/Baths 




X 




Table Tops/Floor Mats 


X 


X 


X 


Personnel 




X Using Wrist Strap* 





*With1 MQ± 10% resistor 



Usage of Antistatic Solution in Areas to Control the Generation of Static Charges 

The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESD program. 
Any antistatic chemical application shall be considered as a means to reduce or eliminate static charge generation 
on nonconductive materials in the manufacturing or storage areas. 

The application of any antistatic chemical in a clean room of class 10 000 or less shall not be permitted. 
Accordingly, any user of antistatic solutions must consider the following precautions: 

1 . Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, 
or equipment. 

2. Do not perform antistatic chemical applications in any area when bare chips, raw parts, packages, and/or 
personnel are exposed to spray mists and evaporation vapors. 

The need for initial application and frequency of reapplication can be established only through routing electrostatic 
voltage measurements using an electrostatic voltmeter. The following durability schedule is a reasonable 
expectation. 

1 . Soft surfaces (carpet, fabric seats, foam padding, etc.): each 6 months or after cleaning, by spraying. 

2. Hard abused surfaces (floor, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, 
by wiping or mopping. 

3. Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, 
by wiping or spraying. 

4. Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or adding 
antistatic concentrate to final rinse water wfien cleaned. 

The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, 
and requirements shall be the responsibility of the area supervisor where antistatic chemicals are used. 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 



ESD Labels and Signs In Work Areas 

ESD caution signs at workstations and labels on static-sensitive parts and containers shall be consistent in color, 
symbols class, voltage sensitivity identification, and appropriate instructions. Signs shall be posted at all workstations 
performing operations with static-sensitive items. These signs shall contain the following information or its equivalent. 



CAUTION 

STATIC CAN DAMAGE COMPONENTS 

Do not handle ESD-sensitive items unless grounding wrist strap 
is properly worn and grounded. Do not let clothing or plain plastic 
materials contact or come in close proximity to ESD-sensitive 
items. 



Labels shall be affixed to all containers containing static-sensitive items at a place readily visible and proper for 
the intended purpose. Additionally, labels must be consistently placed on containers and packages at a standard 
location to eliminate mishandling. Use only QC-accepted and approved signs and labels to identify static-sensitive 
products and work areas. The use of ESD signs and labels and their information content shall be the responsibility 
of the area supervisor to assure consistency and compatibility throughout the static-sensitive routing. 

Relative Humidity Control 

Since relative humidity has a significant impact on the generation of static electricity, when possible, the work area 
should be maintained within the 40%-60% relative humidity range. 

Preparation for Working at Static-Free Workstation 

A workstation with a static disspative work surface connected to ground through a 1 MQ ± 10% resistor, a 
grounding wrist strap with the ground wire connected to the conductive work surface, and an ionizer constitute a 
static-free workstation (Figure 1 ) . An operator is properly grounded when the wrist strap is in snug (no slack) contact 
with the bare skin, usually positioned on the left wrist for a right-handed operator. The wrist strap must be worn the 
entire time an operator is at a static-free workstation. The operator should first touch the grounded bench top before 
handling static-sensitive items. This precaution should be observed in addition to wearing the gounding wrist strap. 
If possible, the operator should avoid touching leads or contacts even though he or she is grounded. 



CAUTION 

Personnel shall never be attached without the presence of the 
1 MQ ±10% series resistor in th^ ground wire. 



An operator's clothing should never make contact or come in close proximity with static sensitive items. Operators 
must be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long 
sleeves must be rolled up or covered with antistatic sleeve protector banded to the bare wrist, which shall "cage" the 
sleeve at least as far up as the elbow. Only antistatic finger cots may be used when handling static-sensitive items. 

Any improperly prepared person, while at or near the work station, shall not touch or come in close proximity with 
any static-sensitive item. It is the responsibility of the operator and the area supervisor to ensure that the static-free 
work area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, 
plastic cosmetic bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastic purses. All 
work-related items, including information sheets, fluid containers, tools, and part carriers must be approved for use 
at the static-free workstation. 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 

Devices and Assemblies 



General Handling Procedures and Requirements 

1 . All static-sensitive items must be received in an antistatic/conductive container and must not be removed 
from the container except at the static-free workstation. All protective folders or envelopes holding 
documentation (lot travelers, etc.) shall be made of nonstatic-generating material. 

2. Each packing (outermost) container and package (internal or intermediate) shall have a bright yellow 
warning label attached, stating the following information or equivalent: 



The warning label shall be legible and easily readable to normal vision at a distance of three feet. 



3. Static-sensitive items are to remain in their protective containers except when actually in use at the 
static-free station. 

4. Before removing the items from their protective container, the operator should place the container on the 
conductive grounded bench top and make sure the wrist strap fits snugly around the wrist and is properly 
plugged into the ground receptacle, then touch hands to the conductive bench top. 

5. All operations on the items should be performed with the items in contact with the grounded bench top 
as much as possible. Do not allow conductive magazine to touch hard-grounded test gear on bench top. 

6. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used. 

7. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe 
strap may be used along with conductive tile/mats. 

8. When the operator moves from any other place to the static-free station, the start-up procedure shall be 
the same as in Preparation for Working at Static-Free Workstation. 

9. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, 
and shall be in operation during the entire time period the items are at the station. 

10. "Plastic snow" polystyrene foam, "peanuts," or other high-dielectric materials shall never comeincontact 
with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as 
evidenced by pink color and generation of less than ± 1 00 volts). 

11 . Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers 
made of untreated plastic material unless items are protectively packaged in conductive material. 

Packaging Requirements 

Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item 1 . The use of tape and plain 
plastic bags is prohibited. All outer and inner containers are to be marked as outlined in General Handling Procedures 
and Requirements, item 2. Conductive magazines/boxes may be used in lieu of conductive bags. 




A 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 
Devices and Assemblies 



Specific Handling Procedures for Static-Sensitive items 
Stockroom Operations 

1 . Containers of static-sensitive items are not to be accepted into stock unless adequately identified as 
containing static-sensitive items. 

2. Items may be removed from the protective container (magazine/bag, etc.) for the purpose of subdividing 
for order issue only by a properly grounded operator at an approved static-free station as defined in 
Facilities for and Preparation for Working at Static-Free Workstation. 

3. All subdivided lots must be carefully repackaged in protective containers (magazine/bag, etc.) prior to 
removal from the static-free work-station and labeled to indicate that the package (s) contain 
static-sensitive items. If it is suspected that a static-sensitive item is not adequately protected, do not 
transfer it to another container; return it to the originator for disposition unless the originator is a customer. 
In that case, the QC engineer should contact the customer and negotiate an appropriate disposition. 

4. It is the responsibility of the stockroom supervisor to ensure that all personnel assigned to this operation 
are familiar with handling procedures as outlined in this specification. A copy of this specification is to 
be posted in the vicinity so that it is accessible to the operators. Stock handlers and all others who might 
have occasion to move stock are to be instructed to avoid direct contact with unprotected static-sensitive 
items. 

Module and Subassembly Operations 

1 . Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless 
received in approved static-protective packaging and properly labeled to indicate that the contents are 
static-sensitive. 

2. All single station, progressive line manual assembly operators, and visual inspectors prior to wave 
soldering operations are to be properly grounded with a grounding wrist strap when handling 
static-sensitive items. 

3. Progressive lines used as single stations where operators will be working on a mix of boards, both 
static-sensitive and nonstatic-sensitive, will require that all operators working on the line be properly 
grounded. This is necessary to accommodate the sliding of static-sensitive boards along the assembly 
bench or across positions not engaged in the assembly of this type board. 

4. It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items 
are familiar with this procedure and fully aware of the damage or degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that 
the static-free stations are in the proper working order and to ensure that operators are wearing 
grounding wrist straps properly (snugly in contact with bare skin). 

Soldering and Lead-Forming Operations 

1 . All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to 
ensure that they are at the same ground potential as the grounded operators working on their stations. 
No machine surfaces exposed to static-sensitive items are to be above ground potential. 

2. All processing equipment shall be grounded, including all loading and unloading stations, that is, the 
stations before and after each piece of processing equipment. 

3. All nonmetallic, static-generating components in the handling systems shall be treated to ensure 
protection from static. 

4. All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 

5. Operators are to be properly grounded with a grounding wrist strap during handling, loading, unloading, 
inspection, rework, or proximity to static-sensitive items. 

6. Unloading-operators working at a grounded station shall place static-sensitive items into approved 
static-protective bags or containers. 
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Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) 

Devices and Assemblies 



Soldering and Lead-Forming Operations (Continued) 

7. All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. 
Operators are to wear grounding wrist straps when working on static-senstive items. Only grounded-tip 
soldering/desoldering irons are allowed when working on static-sensitive items. 

8. It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items 
are familiar with this procedure and fully aware of the damage or degradation of these units in the event 
of noncompliance: A periodic inspection should be made using an electrostatic voltmeter to assure that 
the static-free stations are in proper working order and to ensure that the operators are wearing 
grounding wrist straps properly (comfortably snug in contact with bare skin). 

Electrical Testing Operations 

1 . All electrical test stations shall be static protected. Operators shall be properly grounded when working 
on these items. 

2. Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 

3. Devices should be in an antistatic/conductive environment except at the moment when actually under 
test. 

4. Devices should not be inserted into or removed from circuits or tester with the power on or with signals 
applied to inputs to prevent transient voltages from causing permanent damage. 

5. All unused input leads should be biased if possible. 

6. Device or module repairs must be performed at static-free stations with the operator attached to a 
grounding wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items. 

7. Static-sensitive items shall be handled through all electrical inspections in static protective containers. 
Removal of the items from the protective containers shall be done at a static-free workstation as 
discussed in Preparation for Working at a Static-Free Workstation. The units must be returned to the 
containers before leaving the station. 

8. All such items shall be shipped with an ESD warning label affixed as listed. 

9. It is the responsibility of the area supervisor to ensure that all personnel handling static-sensitive items 
are familiar with this procedure and fully aware of the damage or possible degradation of these units in 
the event of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to 
assure that the static-free stations are in proper working order and to ensure that operators are wearing 
grounding straps properly (snugly in contact with bare skin). 

Packing Operations 

1 . Static-sensitive items are not to be accepted into the packing area unless they are contained in a 
static-protected bag or conductive container. 

2. A static-sensitive item delivered to the packer within an approved container or bag and found to be in 
order regarding identification shall be packed in the standard shipping carton or other regular packaging 
material. Containers are to be labeled in accordance with General Handling Procedures and 
Requirements, item 2. 

3. Any void-fillers shall be made of an approved antistatic material. 

Burn-In Operations 

1 . Burn-in board loading and unloading of static-sensitive items shall be done at a static-free station. 

2. Shorting clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into 
the board sockets. The clip/connectors shall be taken off just prior to plugging the board into the oven 
connector. The clip/connector shall be installed immediately upon removal of the board from the oven 
connector. Installation and removal of the clip/connector shall be done by a properly grounded operator. 

3. All automatic or semi-automatic loading and unloading equipment shall be properly electrically 
grounded. 
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Burn-In Operations (continued) 

4. It is the responsibility of the area supervisor to ensure that all personnel handling static-senstive items 
are familiar with this procedure and fully aware of the damage or possible degradation of these units in 
the event of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to 
assure that the static-free stations are in proper working order and to ensure that operators are wearing 
grounding straps properly (snugly in contact with bare skin). 

Customer-Returned-ltem Handling Procedure 

Receipt of ESD sensitive-labeled items is to be done at a static-free workstation and handled in accordance with 
applicable sections within this guideline. 

Quality Control Provision 

Sampling 

Each manufacturing, stockroom, and testing operation handling ESD sensitive devices will be audited a minimum 
of once each quarter for compliance with all terms of this specification by the responsible process control or QRA 
organization. Ground continuity and the presence of uncontrolled static voltages are considered critical and shall be 
checked more frequently as specified below. 

Ground Continuity (minimum of once a week) 

Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. 
The presence of a 1 MQ ± 1 0% resistor in the ground connections between both the operator wrist straps to the work 
surface and the work surface to ground connector must be verified. 

Grounded Conditions (minimum of once a week) 

A visual inspection shall be made to determine full compliance with this specification at static-free workstations 
during handling of static-sensitive items, including operator being grounded as required, static-sensitive items not 
being handled in unprotected or unauthorized areas, and no static-generating materials at the grounded workstation. 

Sleeve Protectors (minimum of once a week) 

A visual check shall be made to determine that each operator wearing loose-fitting or long-sleeved clothing either 
has sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist. 

Static Voltage Levels (minimum of once a week) 

In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check 
for uncontrolled electstatic voltages at or near electrostatic-controlled work stations. 

Conductive Floor Tiles (minimum of once a month) 

Conductive floors must have a resistance of not less than 1 00 kQ from any point on the tile to earth ground. Also, 
resistance from any point-to-point on the tile floor three (3) feet apart shall be not less thanl 00 kQ. The test methods 
to be used are ASTM-F-1 50-72 and NFPA 99. 

Records 

Written records must be kept of all these QC audits. 
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Training 

Training is applicable for all areas where individuals come in contact with ESD-sensitive devices. It is the 
responsibility of each area supervisor to make sure that his/her people receive ESD training initially and every 12 
months thereafter to maintain proficiency. Training should include static fundamentals, a review of applicable parts 
of this specification, and actual applications in the work area. 
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Nagano 0263-33-1060, Fax 0263-35-1025; Kanagawa 045-338-1220, Fax 

045-338-1255; Kyoto 075-341-7713, Fax 075-341-7724; Saitama 0485-22- 

2440, 

Fax 0425-23-5787; Olta 0977-73-1557, Fax 0977-73-1583. 
KOREA: Texas Instruments Korea Ltd.: Seoul [82] 2-551-2800, 
Fax 2-551-2828. 

MALAYSIA: Texas Instruments Malaysia Sdn Bhd: Kuala Lumpur 
[60] 3-208-6001, Fax 3-230-6605. 

MEXICO: Texas Instruments de Mexico S.A. de C.V.: Colonla del Valle 
[52] 5-639-9740. 

NORWAY: Texas Instruments Norge A/S: Oslo [47] (02) 264 75 70. 
MAINLAND CHINA: Texas Instruments China Inc.: Beijing [86] 1-500-2255, 
Ext. 3750, Fax 1-500-2705. 

PHILIPPINES: Texas Instruments Asia Ltd.: Metro Manila [63] 2-817-6031, 
Fax 2-817-6096. 

PORTUGAL Texas Instruments Equlpamento Electronico (Portugal) 

LDA.: Mala [351] (2) 948 10 03, Fax (2)948 19 29. 

SINGAPORE (& INDIA, INDONESIA, THAILAND): Texas Instruments 

Singapore (PTE) Ltd.: Singapore [65] 390-7100, Fax 390-7062. 

SPAIN: Texas Instruments EspanaSA: Madrid [34] (1) 372 80 51, 

Fax (1) 372 82 66; Barcelona (3) 31 791 80. 

SWEDEN: Texas Instruments International Trade Corporation 

(Sverjgefilialen): Kista [46] (08) 752 58 00, Fax (08) 751 97 15. 

SWITZERLAND: Texas Instruments Switzerland AG: Dietikon 

[41]886-2-3771450. 

TAIWAN: Texas Instruments Taiwan Limited: Taipei [886] (2) 378-6800, 
Fax 2-377-2718. 

UNITED KINGDOM: Texas Instruments Ltd.: Northampton [44] (0234) 270 
111, Fax (0234) 223 459. 



UNITED STATES: Texas Instruments Incorporated: ALABAMA: Huntsvllle 
(205) 430-0114; ARIZONA: Phoenix (602) 224-7800; CALIFORNIA: Irvine 
(714) 660-1200; San Diego (619) 278-9600; San Jose (408) 894-9000; 
Woodland Hills (818) 704-8100; COLORADO: Denver (303) 488-9300; 
CONNECTICUT: Wallingford (203) 265-3807; FLORIDA: Orlando 
(407)667-5300; Fort Lauderdale (305)425-7820; Tampa (813)882-0017; 
GEORGIA: Atlanta (404) 662-7967; ILLINOIS: Arlington Heights 
(708)640-2925; INDIANA: Indianapolis (317) 573-6400; KANSAS: Kansas 
City (913) 451-4511; MARYLAND: Columbia (410)312-7900; 
MASSACHUSETTS: Boston (617) 895-9100; MICHIGAN: Detroit (313)553- 
1500; MINNESOTA: Minneapolis (612) 828-9300; NEW JERSEY: Ediscn 
(908) 906-0033; NEW MEXICO: Albuquerque (505)345-2555; NEW YORK: 
Poughkeepsle (914) 897-2900; Long Island (516)454-6601; Rochester 
(716) 385-6770; NORTH CAROUNA: Charlotte (704)522-5487; Raleigh 
(919)876-2725; OHIO: Cleveland (216)765-7258; Dayton (513)427-6200; 
OREGON: Portland (503)643-6758; PENNSYLVANIA: Philadelphia (215) 
825-9500; PUERTO RICO: HatoRey (809)753-8700; TEXAS: Austin (512) 
250-6769; Dallas (214)917-1264; Houston (713)778-6592; WISCONSIN: 
Milwaukee (414)798-1001. 

North American Authorized Distributors 
COMMERCIAL 

Almac/ Arrow 800-426-1410 / 800-452-9185 Oregon only 

Anthem Electronics 800-826-8436 

Arrow / Schweber 800-777-2776 

Future Electronics (Canada) 800-388-8731 

Hamilton Hallmark 800-332-8638 

Marshall Industries 800-522-0084 or www.marshall.com 

Wyle 800-414-4144 

OBSOLETE PRODUCTS 

Rochester Electronics 508-462-9332 

MILITARY 

Alliance Electronics Inc 800-608-9494 

Future Electronics (Canada) 800-388-8731 

Hamilton Hallmark 800-332-8638 

Zeus, An Arrow Company 800-524-4735 
CATALOG 

Allied Electronics 800-433-5700 

Arrow Advantage 800-777-2776 

Newark Electonics 800-367-3573 

For Distributors outside North America, conbctyour local Sales Otl^ 



Important Notice: Texas Instruments (Tl) reserves the right to make changes to or to 
discontinue any product or service identified In this publication without notice. Tl advises 
its customers to obtain the latest version of the relevant information to verify, before 
placing orders, that the information being relied upon is current 
Please be advised that Tl warrants Its semiconductor products and related software to the 
specifications applicable at the time of sale In accordance with Tl's standard warranty. Tl 
assumes no liability for applications assistance, software performance, or third-party 
product information, or for infringement of patents or services described in this publication. 
Tl assumes no responsibility for customers' applications or product designs. 
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